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PEEFACE TO THE THIED EDITION. 



When the writer assisted the late Dr. Lardner in pre- 
paring the first edition of this treatise, thirteen years ago, 
telegraphy was comparatiyely in its infancy. Many in- 
ventions which at that time appeared important are now 
obsolete; while a great variety of appliances hate since 
been brought to bes^ that were not then dreamt of. The 
whole system of electric commmiication has, in fact, become 
a recognised science in its yarions branches, and the laws 
goyeming the deyelopment and application of this wonder- 
fill power haye been carefully inyestigated. 

It may now be said that wherever cirilisation exists, 
there telegraphic communication has penetrated, linking up 
continents, countries, and races. The mission of the sentient 
wire is a noble one : to bind together nations, and colonies 
to their mother countries. Great Britain is now joined to 
India on the one hand, and to Canada, the United States, 
and eyen Vancouyer's Island, on the other ; our cousins at 
the antipodes in Australia will shortly be added ; and that 
important stepping-stone to the East, Malta, has long been 
put within prompt hail of England as well as Egypt ; — 

Gibraltar is to foUow, 

The British dominions thus become united in instant 
correspondence, notwithstanding the barriers interposed by 
half our planet's surface, and the yast oceans intervening. 

In no applied science has the advance been so rapid as 
in the Electric Telegraph. This means of conveying thought 
in a moment between distant points, which twenty years 
ago had scarcely emerged in a practical form from the 
philosopher's studio, now covers the world with its vast 
network of communicating fibres. In attaining such a 
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result^ England has stood in the foreground. To her is due 
not only the origination of the submarine telegraph, but 
she has also provided the capital, constructed the cables, 
and carried out the laying of every important submarine 
communication. 

On land the telegraph has had many difficulties to en- 
counter. In countries like England and Switzerland the 
humidity of the climate interferes with insulation ; in India 
monkeys, ants, and heat have proved causes of mischance ; 
in the deserts the Arabs, and on the prairies IndiaaftiMPPe 
had to be bribed or coerced. In Bussia, again, snows, and 
in the forests of America falling trees, have interrupted for 
a time the working of the apparatus. Hence varions 
countries have their different systems of telegraph, each 
more or less designed to meet the special conditions attend- 
ing their erection and working. 

The descriptions contained in the former editions could 
not therefore convey any adequate idea of present progress 
or telegraphic apparatus, and it has become necessary to 
re-model and rcrwrite the work. As far ba possible, only 
practical points are dealt with, and the object has been to 
explain them in a popular and at the same time a condensed 
form. 

Among the new branches of the subject now introduced, 
may be mentioned the Atlantic Telegraph, the line to India, 
the Malta and Alexandria, and other important submarine 
works; the greatly improved contrivances for train signal- 
ling on railways ; the regulation of public clocks by elec- 
tricity, now extensively adopted in London, Liverpool, 
Glasgow, Edinburgh, &c. ; and the system of meteorological 
signals and storm warnings introduced by the late Admiral 
Pitzroy, and carried out by the Board of Trade. 

E. B. B. 

JamMry^ 1867. 
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2 THE ELECTEIC TELEGRAPH. 

telegraphy. — 12. Physical character of electricity. — 13. Not essential 
to the explanation of electro- telegraphy. — 14. Electricity a subtle 
fluid. — 15. Properties available for telegraphy. — Id. Voltaic battery. 
— 17. It is to the electric telegraph what the boiler is to the steam- 
engine.— 18. Means of transmitting the fluid in required directions. 
— 19. Conductors and insulators. — 20. Conducting wires — 21. Voltaic 
battery. — 22. Transmission and suspension of the current. — 23. Current 
established by earth contact. — 24. Theories of earth contact. — 25. 
The return of the current through the earth. — 26. Various bodies 
evolve electricity. — 27. Common plate battery of zinc and copper. — 
28. Why zinc and copper are preferred. — 29. Charcoal substituted for 
copper. — 30. Elements not essential. — 31. Strength of current varied 
by number of cells. — 32. Velocity of the electric current under diffe- 
rent conditions. — 33. Production of telegraphic signals. 

1. Each succeeding age and generation leaves behind it a 
peculiar character, which stands out in relief upon its annals, 
and is associated with it for ever in the memory of posterity. 
One is signalised for the invention of gunpowder, another for 
that of printing ; one is rendered memorable by the revival of 
letters, another by the reformation of religion ; one is marked in 
history by the conquests of Napoleon, another is rendered illus- 
trious by the discoveries of Newton. 

If we are asked by what characteristic the present age will be 
marked in fature records, we answer, by the miracles which 
have been wrought in the subjugation of the powers of the ma- 
terial world to the uses of the human race. In this respect no 
former epoch can approach to competition with it. 

The author of some of the most popular fictions of the day 
has affirmed, that in adapting to his purpose the results of his 
personal observation on men and manners, he has not imfre- 
quently found himself compelled to mitigate the real in order to 
bring it within the limits of the probable. No observer of the 
progress of the arts of life, at the present time, can fail to be 
struck with the prevalence of the same character in their results 
as that which compelled this writer to suppress the most won- 
derful of what had fallen imder his eye, in order to bring his 
descriptions within the bounds of credibility. 

2. Many are old enough to remember the time when persons, 
correspondence, and merchandise were transported from place to 
place in this country by stage-coaches, vans, and waggons. In 
those days the fast-coach, with its team of spanking blood- 
horses, and its bluff driver, with broad-brimmed hat and drab 
box-coat, from which a dozen capes were pendant, who ** han- 
dled the ribbons ^ with such consummate art, could pick a fly from 
the ear of the off-leader, and turn into the gateway at Charing 
Gross with the precision of a geometrician, were the topics of 
the unbounded admiration of the traveller. Certain coaches 
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obtained a special celebrity and favour with tbe public. We 
cannot forget bow the eye of the trayeller glistened when he 
mentioned the Brighton "Age," the Glasgow "Mail," the 
Shrewsbury "Wonder," or the Exeter " Defiance," — ^the "Age," 
which made its trip in five hours, and the "Defiance," which 
acquired its fame by completing the journey between London 
and Exeter in less than thirty hours. 

3« The rapid circulation of intelligence was also the boast of 
those times. How foreigners stared when told that the news of 
each afternoon formed a topic of conversation at tea-tables the 
same evening, twenty miles from London, and that the morning 
journals, still damp from the press, were served at breakfast 
within a radius of thirty miles, as early as the frequenters of the 
London clubs received them. 

Now let us imagine that some profound thinker, deeply versed 
in the resources of Science at that epoch, were to have gravely 
predicted that the generation existing then and there would 
Hye to see all these admirable performances become obsolete, 
and consigned to the history of the past ; that they would live 
to regard such vehicles as the "Age" and "Defiance" as 
clumsy expedients, and their celerity such as to satisfy those 
alone who were in a backward state of civilisation ! 

4. Let us imagine that such a person were to affirm that his 
contemporaries would live to see a coach like the " Defiance " 
making its trip between London and Exeter, not in thirty, but 
five hours, and drawn, not by 200 blood-horses, but by a mode- 
rate sized stove and four bushels of coals ! 

5, Let us further imagine the same sagacious individual to 
predict that his contemporaries would live to see a building 
erected in the centre of London, in the cellars of which ma- 
chinery would be provided for the fabrication of artifical light- 
ningy which should be supplied to order ^ at a fioced price, in any 
quantity required, and of any prescribed force ; that condiictors 
would be carried from this building to all parts of the countrj^ 
along which such lightning shall be sent at will; that in the 
attics of this same building would be provided certain small 
instruments like barrel-organs or pianofortes ; that by means of 
these instruments, the aforesaid lightning should, at the will 
and pleasure of those in charge of them, deliver messages at any 
part of Europe, Asia, or America, from St. Petersburgh in the 
north, to Calcutta or Eangoon in the east, to New York, San 
Francisco, or even Vancouver's Island in the west; and, in fine, 
that answers to such messages should be received instantane- 
ously, and by like means : that in this same building, offices 
should be provided, where any lady or gentleman might enter. 
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at any hour, and for a few shillings send a message by lightning 
to Paris or Vienna, and by waiting for a few moments, receiye 
an answer ! 

Might he not exclaim, after the inspired author of the book of 
Job: — 

*' Oanst thou send lightnings, that they may go, and say unto 
thee, Here we are ? *' ! ! xxxviii., 35. 

But, suppose that his foresight should farther enable him to 
pronounce that means would be invented by which any indi- 
vidual in any one town or city of Europe should be enabled to 
take in his hand a pencil or pen, the point of which should be 
in any other town or city, no matter how distant, and should, 
with such pen or pencil, write or delineate in such distant place, 
such characters or designs as might please him, with as much 
promptitude and precision as if the paper to which these cha- 
racters or designs were committed lay upon the table before 
him ; or that an individual pulling a string at London should 
ring a bell at Vienna, or holding a match at St. Petersburgh 
should discharge a cannon at Naples ! 

6. Suppose he should afi&rm that means would be discovered 
for converting charcoal into diamonds ; that the light of the sun 
would be compelled, without the intervention of the human 
hand, to make a pcrtrait or a picture, with a fidelity, truth and 
precision, with which the productions of the most exalted artistic 
skill would not bear comparison ; and that this picture should 
be produced and completed in its most minute details in a few 
seconds — ^nay, even in the fraction of a second ; that candles 
and lamps would be superseded by flame manufactured on a 
large scale in the suburbs of cities, and distributed for use in 
pipes, carried imder the streets, and into the houses and other 
buildings to be illuminated; and that the precious and other 
metals being dissolved in liquids, would form themselves into 
the articles of ornament and use by a spontaneous process, and 
without the intervention of human labour ! ! 

No authority however exalted, no attainments however pro- 
found, no reputation however respected, could have saved the 
individual rash enough to have given utterance to such predic- 
tions some forty years ago, from being regarded as labouring 
Tmder intellectual derangement. Yet all these things have not 
only come to pass, but the contemplation of many of them has 
become so interwoven with our habits, that familiarity has 
blunted the edge of wonder. 

7. Compared with aU. such realities, the illusions of oriental 
romance grow pale ; fact stands higher thai^ fiction in the scale 
of the marvellous ; the feats of Aladdin are tame and dull ; and 
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the slayes of the lamp yield precedence to the spirits which 
preside over the battery and the boiler. 

8. Of all the physipal agents discovered by modem scientific 
research, the most fertile in its subserviency to the arts of life 
is incontestably electricity, and of all the applications of this 
subtle agent, iiiat which is transcendently the most admirable 
in its effects, the most astonishing in its results, and the most 
important in its influence upon the social relations of mankind, 
and upon the spread of civilisation and the diffusion of know- 
ledge, is the Mectric Telegraph, No force of habit, however 
long continued, no degree of familiarity can efiO&ce the sense of 
wonder which the effects of this most marvellous application of 
science excites. 

9. Being at Paris in 1850, Dr. Lardner was engaged to share 
with M. Leverrier, the celebrated astronomer, and some other 
men of science, in the superintendence of a series of experiments 
to be made before conmiittees of the Legislative Assembly and 
of the Institute, with the view of testing the efficiency of certain 
telegraphic apparatus. 

Two wires, extending &om Paris to Lille, were united at the 
latter place, bo as to form one continuous wire, extending to 
Lille and back, making a total distance of 336 miles. This, 
however, not being deemed sufficient for the purpose, several 
coils of wire wrapped with silk were obtained, measuring in 
their total length 746 miles, and were joined to the extremity of 
the wire returning from LiUe, thus making one continuous wire 
measuring 1082 miles. A message consisting of 282 words was 
then transmitted from one end of the wire. A pen attached to 
the other end immediately began to write the message on a sheet 
of paper moved under it by a simple mechanism, and the entire 
message was written in full in the presence of the Committee. 

This might well be looked upon as a feat sixteen years ago, 
but the science of Telegraphy has made such wonderful pro- 
gress, that at the present time the. two Atlantic cables, when 
joined end to end, so as to form one imbroken length of nearly 
4000 miles, can readily be worked at a speed far greateo: 
than through the comparatively small length of line referred to 
in the foregoing experiment. Each cable can easily pass fifteen 
words per minute, or upwards of forty average messages per 
hour between Europe and America ! This speed of transmis- 
sion is greatly exceeded in the working of short land lines. 

But it must not be imagined, because we have here produced 
an example of the transmission of despatches to a distance of 
4000 miles, that any augmentation of that distance could cause 
any delay of practical importance, provided the electric current 
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was not allowed to ooze out, and so diTniTn'sh in power, during its 
transmission. 

10. Although the Telocity of the electric current has not been 
very exactly measured, it has been established beyond all doubt 
that it is so great that to pass from any one point on the surface 
of the earth to any other, it would take no more than a fraction 
of a second. 

11. If, therefore, the despatch had been sent to a distance of 
20,000 miles, its transmission would still have been instan- 
taneous. 

Such a despatch would fly round the earth between the two 
beats of a common clock, and would be written in fall at the 
place of its destination more rapidly than it could be repeated 
by word of mouth. When such statements are made, do we not 
feel disposed to exclaim — 

'* Are such things here as we do speak about ? 
Or ha^e we eaten of the insane root, 
That makes the reason prisoner ? " 

In its wildest flights the most exalted imagination would not 
haye dared, even in fiction, to give utterance to these stubborn 
realities. Shakspeare only ventured to make his fairy 

*' Put a girdle round the earth 
In forty minutes." 

To have encircled it in a second, would have seenied too mon- 
strous, even for Eobin Gbodfellow. 

The curious and intelligent reader of these pages will scarcely 
be content, after the statement of facts so extraordinary, to 
remain lost in vacant astonishment at the power of science, 
without seeking to be informed of the manner in which the 
phenomena of nature have been thus wonderfully subdued to 
the uses of man. A very brief exposition will be enough to 
render intelligible the manner in which these miracles of science 
are wrought. 

12. The World of Science is not agreed as to the physical 
character of Electricity, According to the opinion of some it is 
a fluid infinitely lighter and more subtle than the most attenu- 
ated and impalpable gas, capable of moving through space with 
a velocity commensurate with its subtleness and levity. Some 
regard this fluid as simple. Others contend that it is compound, 
consisting of two simple fluids having antagonistic properties, 
which, when in combination, neutralise each other, but which 
recover -their activity by decomposition. Others again regard 
it not as a specific fluid which moves through space, but as u 
phenomenon analogous to sound, and think that it is only a 
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series of undulations or vibrations that are propagated tlirough 
a highly elastic medium which produce the various electrical 
e£fects, just as the pulsations of the atmosphere produce all the 
effects of sound. 

13. Happily these difficult discussions are not necessary to the 
dear comprehension of the laws which govern the phenomena 
upon which electric telegraphy depends. It will nevertheless, 
for the purposes of explanation, be convenient to use a system of 
language which implies the existence of a certain fluid which 
we shall call the electric fluid, capable of moving through 
certain bodies, and being obstructed or altogether stopped by 
others, and which by its presence or proximity produces 
certain definite effects, mechanical and chemical. 

14. Whether the electric agency be or be not a material fluid 
for our present purpose is unimportant. It is enough that it 
comports itself as such, and that the properties or effects which 
we shall impute to it are such only as it is ascertained by obser- 
vation and experiment to possess or produce. 

15. However various the forms may be which invention has 
conferred upon electric telegraphs, their efficiency in all cases 
depends on our power to produce at will the following effects : — 

1st. To produce or develop the electric fluid in any desired 
quantity, and of the necessary quality. 

2nd. To transmit it with celerity to any required distance, 
without injuriously dissipating it. 

3rd. To cause it upon its arrival at any assigned point to 
produce some sensible effects which may serve the purpose of 
written or printed characters. 

16. The electric fluid is deposited in a latent state in unlimited 
quantity in the earth, the waters, the atmosphere, and in all 
bodies upon the earth, whether solid, liquid, or gaseous. It is 
disengaged and rendered active by various causes, natural and 
aiiiflcial. The mutual friction of bodies, contact and pressure, 
the contiguity or contact of bodies having different temperatures, 
the chemical action of bodies one upon another, the action of 
magnetic bodies on each other, and on bodies susceptible of 
magnetism, are severally causes of the development of the 
electric fluid in greater or less quantity. 

Founded upon these phenomena, various apparatus have been 
contrived, by means of which the electric fluid may be evolved 
and collected in any desired quantity, and with any required 
intensity. Among these, that which has proved to be the most 
efficient for telegraphic purposes is the galvanic or voltaio 

BATTEEY. 

17. This apparatus is to the electric telegraph what the boiler 
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is to ^the steam-engine. It is the generator of the fluid by 
which the action of the telegraphic machine is produced and 
maintained. It supplies the fluid in any desired quantity and 
of any desired intensity. As the boiler is supplied with ex- 
pedients by which within practical limits the quantity and 
pressure of the steam may be varied according to the exigences 
of the work to which the engine is applied, so the voltaic 
battery is provided with expedients by which the quantity and 
intensity of the electric fluid it evolves can be varied according 
to the distance to which the intelligence is to be transmitted ; 
and the form, whether visible, oral, written or printed, in 
which it is to be required to be delivered at the place of its 
destination. 

18. The electric fluid being thus produced in sufficient 
quantity, it is necessary to provide adequate means of trans- 
mitting it to a distance without exposing it to any cause of 
injurious dissipation or waste. 

If tubes or pipes could be constructed with sufficient facility 
and cheapness, through which the subtle fluid could flow, and 
which would be capable of confining it during its transit, this 
object would be attained. As the galvanic battery is analogous 
to the boiler, such tubes would be analogous in their form and 
functions to the steam-pipe of a steam-engine. 

19. The construction of such means of transmission has been 
accomplished by means of the well-known property of the 
electric fluid, in virtue of which it is capable of passing freely 
along a certain class of bodies called gondugtobs, while its 
movement is arrested by another class of bodies called non- 
conductors or INSULATOBS. 

The most conspicuous examples of the former class are the 
metals ; the most remarkable of the latter being resins, wax, 
glass, porcelain, silk, cotton, dry air, &c. 

20. Now if a rod or wire of metal be coated with wax, or 
wrapped with silk, the electric fluid will pass freely along the 
metal, in virtue of its character of a conductor ; and its escape 
from the metal laterally will be prevented by the coating, in 
virtue of its character of an insulator. 

The insulator in such cases is, so far as relates to the electri- 
city, a real tube, inasmuch as the electric fluid passes through 
the metal included by the coating, in exactly the same manner 
as water or gas passes through the pipes which conduct it ; with 
this difierence, however, that the electric fluid moves along the 
wire more freely, in an almost infinite proportion, than does 
either water or gas in the tubes which conduct them. . 

If, then, a wire, coated with a non-conducting substance. 
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capable of reaiBtiiig the ridesitndes of veatbec, were extended 
between any two distant points, one end of it being attached 
to one of Uie extremitieB of a galvanic battery, a stream of 
electricity wovdd pass along the vriie— provided the other end of 
the wire were connected h/ a eoTiductor with the other rarfremity 
c/the battery. 

21. How the fluid transmitted to a distant station is made to 
produce tlie effects by which mesaagea are expressed will be 
explained hereafter ; meanwhile is will be necessary first to ex- 
plain the form and principle of the voltaic batteries used for tele- 
graphic operations, and, secondly, the expedients by which the 
current is transmitted and suspended, and turned in one or 
another direction at the will of the operator at the station from 
which despatches are transmitted. 

To comprehend the principle of the voltaic battery, let us 
suppose that two strips, cut, one z z from a sheet of zinc, and 
the other cc (fig. 1) from a sheet 
of copper, are immersed without ^s- •■ 

touching'eacb other in a vessel con- ~^-'' "* 

taining water slightly aoidnlated, . 
To the upper edges p and k of the * ( 
strips let two pieces of wire p p and 
trn, be soldered. In this state of 
the apparatus no development of 
the electric fluid will be niBnifosted ; 
bnt if the ends p and n of the wires 
be brought into contact, an electric 
cuttent will set in, running on the 
wires from P, the point where the 
wire is soldered to the copper c C, 
to H, the point where the other wire 
is soldered to the cdno zz. This 
current will continue to flow so long 
as theendsp and n of the wires are 
kept in mutual contact, and no longer. 
p and n are separated, the current ceases. 

22. The commencement of the current upon the contact of the 
wires, and its cessation upon their separation; are absolutely 
inttatUatieoue; so much so, that if the endsji and n were brought 
into contact and separated a hundred times in a second, the flow 
and suspension of the current being simnltaneaaa with the 
contacts and separations, would also take place a hundred times 
in a second. 

The existence of the current established in this case is inde- 
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length be 10 feet, 10 mileH, or 100 miles, the current will still 
flow upon them when their extremitdea p and n are brought into 
contact. The only difference will be, that the intenaity of the 
current will be less in the earns proportion as the length of the 
wires is augmented. 

23. There is another condition of great importance, whether 
regarded theoretically or practically, on which Qis current will 
be established and m&intained. 

Instead of bringing the wiroa P p and If n into contact, let 
tbem be continued downwards, as represented in fig. 2, and con- 
nected with two plates of metal y and n', buried in the earQi, or 




with masses of metal or other good conducting body of any form 
wbaterer thus buned Under these circumBtonces a new con- 
dition arises ; the body of the earth being a general reserroir of 
electricity, receives and diffuses the surplus electricity from the 
positiTe or pltu pole, and jdelds electricity to the negative or 
minu* pole of the battery. This is analogous to the action of a 
pomp drawing water from a well on the one hand and dis- 
chai^ing it into a reservoir on the other. 

24. In some of the electric theories, it was assumed that the 
course of the current must in all cases be contioaoUs and un- 
Intiken from P to tf , as it] is in foot under the conditions repre* 
sentad in fig. 1 , when the ends p and n are in contact. But it 
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is generally now recognised that the process is one <^ equaliza- 
tion when the battery poles or conducting wires are connected 
to the earth. 

It is found also, in this case, that the existence of the current 
is index>endent of the lengths of the wires, which do not afifect it 
otherwise than by diminishing its intensity. Whether the wires 
are 10 feet, 10 nules, or 100 miles in length, the currents still 
flow from P to jp' and from n' to N. 

25. Of all the miracles of science, surely this is the most mar- 
yellous. A stream of electric fluid has its source in the cellars 
of the Central Telegraph Office, London. It flows imder the 
streets of the great metropolis, and, passing on wires suspended 
over a zigzag series of railways, reaches Edinburgh, where it 
dips into the earth, and diffuses itself from the buried plate. 

Instead of burying plates of metal, it would be sufficient to 
connect the wires at each end with the gas or water pipes, 
which, being conductors, would equally convey the fluid to the 
earth ; and in this case, every telegraphic despatch which flies 
to Edinburgh along the wires which border the railways would 
rush to the gas-pipes which illuminate Edinburgh, while the 
current from the opposite pole of the Lothbury batteries would be 
placed in connection with the gas-pipes which illuminate London. 

26. To derive all the necessary instruction from what has 
been explained above, it will be necessary to distinguish what is 
essential from what is merely optional, and which admits of 
modification or change without aflecting the result. 

27. It will be seen that the electric fluid is evolved by the 
combination of three bodies, the zinc, the copper, and the acidu- 
lated solution in which they are immersed. The production of 
the current depends on the chemical action of the solution on 
the zinc. That metal being very susceptible of oxydation, 
decomposes the water which is in contact with it. One con- 
stituent of the water combining with the zinc, produces a com- 
pound called the oxyde of zinc, and this oxyde entering again 
into combination with the acid which the water holds in solu- 
tion, forms a soluble salt. If the acid, for example, be sul- 
phuric acid, this salt will be the sulphate of the oxyde of zinc, 
and as fast as it is produced it will be dissolved in the water in 
which the slips of metal are immersed. 

Meanwhile, the copper, not being as susceptible of chemical 
action as the zinc, remains comparatively unaflected by the 
solution ; but the hydrogen evolved in the decomposition of the 
water collects upon its surface, after which it rises and escapes 
in bubbles at the surface of the solution. 

It is to this chemical action upon the zinc that the production 
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of the electric carrent is doe. If a like action liad taken jilaoe 
in the same d^;ree <m the copper, a minflar and equally intense 
electric current would be produced in the opposite direction ; 
and in that case the two currents would neutralise each other, 
and no electric effect would ensue. 

From, this it will be seen that the efficacy of the combination 
must be ascribed to the fiu^t, that one of the two metals im- 
mersed in the solution is more oxydable than the other, and 
that the energy of the effect and the intensity of the current 
will be so much the greater as the susceptibility of oxydation 
of the one metal exceeds that of the other. 

28. It appears, therefore, that the principle may be general- 
ised, and that electricity will be developed, and a current 
produced by any two metals similarly placed, which are oz3rd- 
able in different degrees. And, indeed, if two pieces of the mamt 
metal are differently acted upon, either by heat or chemically, a 
current of electricity will be produced on their being connected 
together. 

2iinc being one of the most oxydable metals, and being also 
sufficiently cheap and abundant, is generally used by preference 
for voltaic combinations. Silver, gold, and platinum are seve- 
rally less susceptible of oxydation, and of chemical action 
generally, ^ than copper, and would therefore answer voltaic 
purposes better, but are excluded by their greater cost, and by 
the fact that copper is found sufficient for aU practical purposes. 

29. It is not, however, absolutely necessary that the inoxyd- 
able element o c of the combination should be a metal at aU. It 
is only necessary that it be a good conductor of electricity. In 
certain voltaic combinations, charcoal properly solidified has 
therefore been substituted for copper, the solution being such as 
would produce a strong chemical action on copper. 

30. In the above illustration, we have supposed that the 
metallic elements of the combination are thin rectangular slips 
cut £rom^ the sheet metal. The form, however, is in no manner 
essential to the production of the electric current. So long as 
the magnitude of the surfaces exposed to contact with the solu- 
tion is the same, the current will have the same force. The 
pieces of metal may therefore have the form here supposed of 
thin rectangular plates, or they may be formed, as is often 
found convenient, into hollow cylinders, that of the copper 
being so much less in diameter than that of the zinc, that it is 
capable of being placed within it without mutual contact. 

The simple arrangement first adopted by Volta consisted of 
two equal discs of metal, one of zinc, and the other of copper 
or silver, with a disc of cloth or bibulous card, soaked in an acid 
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or saline solutioii, between them. These were usually laid, with 
their surfiEUies horizontal, one upon the other. 

31. To produce the effects, whatever these may be, by which 
the telegraphic messages are expressed, it is necessary that the 
electric current shall have a certain intensity. Now, the inten- 
Eflty of the current transmitted by a given voltaic battery along 
a given line of wire will decrease, other things being the same, 
in the same proportion as the length of the wire increases. 
Thus, if the wire be continued for 10 miles, the current will 
have twice the intensity which it would have if the wire had 
been extended to a distance of 20 miles. 

It is evident, therefore, that the wire may be continued to 
such a length that the current will no longer have sufficient 
intensity to produce at the station to which the despatch is 
transmitted those effects by which the language of the despatch 
is signified. 

The intensity of the current transmitted by a given voltaic 
battery upon a wire of given length, will be increased in the 
same proportion as the area of the section of the wire is aug- 
mented. Thus, if the diameter of the wire be doubled, the area 
of its section being increased in a fourfold proportion, the 
intensity of the current transmitted along the wire will be in- 
creased in the same ratio. 

In fine, the intensity of the current may also be augmented 
by increasing the number of pairs of generating plates or cylin- 
ders composing the galvanic battery. 

Since it has been found most convenient generally to use iron 
as the material for the conducting wires, it is of no practical 
importance to take into account the influence which the quality 
of the metal may produce upon the intensity of the current. It 
may be useful nevertheless to state that, other things being the 
same, the intensity of the current wiU be in the proportion of 
the conducting power of the metal of which the wire is formed, 
and that copper is the best conductor of the metals. 

M. Pouillet found, by well-conducted experiments, that the 
current supplied by a voltaic battery of ten pairs of plates, 
transmitted upon a copper wire, having a diameter of four- 
thousandths of an inch, and a length of six-tenths of a mile, 
was sufficientiy intense for all the common telegraphic purposes. 
Now, if we suppose that the wire, instead of being four- 
thousandths of an inch in diameter, has a diameter of a quarter 
of an inch, its diameter being greater in the ratio of 62^ to 1, 
its section will be greater in the ratio of nearly 4000 to 1, and it 
will consequently carry a current of equal intensity over a length 
of wire 4000 times greater, that is, over 2,400 miles of wix'e. 
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But in practice it is needless to push the powers of trans- 
mission to any such extreme limits. To reinforce and maintain 
the intensity of the current, it is only necessary to establish at 
convenient intervals along the line of ^nres intermediate bat- 
teries, by which fresh supplies of the electric fluid shall be pro- 
duced ; and this may in all cases be easily accomplished, the 
intermediate telegraphic stations being at distances, one £roni 
another, much less than the limit which would injuriously im- 
pair the intensity of the current. 

It is, in fia^t, economical to distribute the battery power in. 
this manner upon a line of telegraph, as the current set in 
motion on each section is much less intense, and therefore has 
not so great a tendency to escape at the points of insulation. 

Having thus explained the means by which an electric current 
can be conducted from any one place upon the eai'th's sur&ce to 
any other, no matter what be the distance between them, and 
how all the necessary or desired intensity may be imparted to it, 
we shall now proceed to explain the expedients by which such a 
current may enable a person at one place to convey instanta- 
neously to another place, no matter how distant, signs serving 
the purpose of written language. 

It may be shortly stated that the production of such Edgns 
depends on the power of the agent transmitting the current to 
transmit, suspend, intermit, divert, and reverse it at pleasure, 

32. Although there is some discordance in the results of 
experiments made to determine the velocity of the current, they 
all agree in proving it to be prodigious. It varies according to 
the conduxjting power of the metal of which the wire is com- 
posed. On copper wire, its velocity, according to Professor 
Wheatstone's experiments, is 288,000 miles; and according to 
those of MM. Fizeau and Gonelle, 112,680 miles, per second. 
It should be borne in mind that these experiments were made 
with frictional (or machine) electricity, upon short lengths of 
wire in a room, and that this species of electricity has been 
found too volatile and evanescent to be employed practically for 
telegraphic purposes. On the iron wire used for telegraphic 
purposes, its velocity is 62,000 miles per second, according to 
Fizeau and Fonelle; 28,500 according to Professor Mitchell, of 
Cincinnati ; and about 16,000 according to Professor Walker, of 
the United States. When, however, wires covered with gutta 
percha were brought into use and laid in considerable lengths 
underground, it was found that the transmission of the current 
through the wire was greatly reduced in speed. A series of 
experiments on this point were reported by the writer in a 
lecture at the British Association of 1854, showing the rate of 
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passage of the currents through underground copper wires of 
No. 16 gauge thus insulated, to be about 1000 miles per second, 
the velocity varying somewhat with the character of the electric 
current employed. He referred this reduction of velocity to the 
analogy between a wire so circumstanced and the internal 
coating of a Leyden jar ; the analogy resulting in the temporary 
retention of an electric charge by the gutta percha coated wire. 
It was also found that part of the electric charge commimicated 
to the wire was, upon the withdrawal of the voltaic battery, 
quickly thrown back to the starting-point. This would follow 
in consequence of the electricity temporarily absorbed by the 
half-length of wire nearest the starting-point naturally finding 
it a shorter path of discharge to return whence it came. 

These phenomena were most ably analysed by Dr. Faraday, 
and completed the remaining link of comparison, then wanting, 
between what had been termed static and dynamic electricities.* 

It is evident, therefore, that the interval which must elapse 
between the production of any change in the state of the current 
at one telegraphic station, and the production of the same change 
at any other on an overground line, cannot exceed a very minute 
portion of a second ; and since the transmission of signals de- 
pends exclusively on the production of such changes, it follows 
that such transmission must be practically instantaneous. 

In the transmission of signals through the 2,500 miles of 
gutta-percha-covered wire, forming the conductor of the Atlan- 
tic cable of 1858, intervals varying from 2f to 4 seconds were 
actually observed to elapse between the commimication of the 
electric spark at the one end of the cable and its appearance at 
the other end. It was also, however, found that several currents 
of different kinds might be made to traverse the Atlantic wire in 
the same direction without interfering with the action of each 
•other on arriving at the further end. 

33. Since all telegraphic signals depend on the power of the 
agent who makes them, to transmit, control, and modify the 
current at will, it must be apparent how important it is for 
those who desire to understand this interesting subject, to com- 
prehend, in the first instance, the means by which ^hia power is 
obtained and exercised. 

It is necessary to remember that the current will flow along a 
line of conducting wire so long as, ^d no longer than, a voltaic 
battery is interposed at some point on the line, the wire being 
attached to its poles, and the remote ends of the wire connected 
with the earth, as explained in (23), and that, provided the 
battery have adequate force, it does not matter how distant 

* See <* Report Brit. Assoc. 1854." 
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from its poles the points may be at which the wires are oon* 
nected with the earth. 

If at any point of the line the wire is broken, the cairent 
instantly ceases along the entire line. If it be reunited, the 
cnrrent is instantly re-established. If the connection of tli0 
wire with the poles of the battery be reversed, so that the end 
which was connected with the positive is transferred to the 
negative pole, and vice versd, the direction of the current along 
the entire line is reversed — since it must always flow from the 
positive and to the negative pole. If at any point the wire, 
being broken, be connected with another wire proceeding to the 
earth in any other direction, the current will be diverted to the 
latter wire, deserting its former course. If the wire conducting 
the current be connected at the same point with two wires both 
connected with the earth, it will be distributed between the two, 
the greater part, however, following that wire which offers the 
easier road to the earth. 

These few principles, which are clear and simple, supply an 
easy key to the whole art of electro-telegraphy. 

The manner in which the pulsations of the current are pro-* 
duced, controlled, and regulated by the operator at a station 
being understood, it will next be necessary to show how they 
are made to produce signals at the station to which the despatch 
is transmitted, by which the operator or observer there can be 
enabled to understand and interpret the communication. 

The effects of the current which have been found most conve- 
nient for this purpose, are — 

1st. Its power to deflect a magnetic needle from its position of 
rest, and to throw it into another direction. 

2nd. Its power to impart temporary magnetism to soft iron, 
this magnetism suddenly deserting the iron when the current is 
suspended. 

3rd. Its power to produce the chemical decomposition of cer- 
tain substances. 

All forms of electric telegraph depend on one or other of these 
F,g,. properties of the cxurent. 

If a wire be extended over and 
under a compass-needle which di- 
rects itself to the magnetic north 
and south, parallel to the needle, 
and as close to it as it can be 
placed without actually touching 
it, as represented in flg. 3, the 
"^ needle will remain undisturbed in 
its position. Let the ends^ and n of the wire be then attached 
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to the poles of a voltaic battery, so that a current of a certain 
intensity shall be transmitted upon it. The moment the cur- 
rent is established upon the wire, the magnetic needle a b will 
be thrown out of its usual direction, and instead of pointing 
north and south, it will point east and west. 

If the direction of the current upon the wire be reversed, the 
direction of the deflection of the needle will be reversed. 



^ 




Fig. 4.— lUOHETO-ILECTBia 
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34w To explain the manner in wHch the deflection of the 
magnetic needle depends on the direction of the current, let ns 
suppose the needle to be placed on an horizontal axis o, fig. 5, so 
as to play in a vertical plane, and to be 
maintained in the vertical direction 
when not affected by the current, by 
giving a slight preponderance to the 
arm on which the south pole of the 
needle is placed. By this arrangement 
the needle, when undisturbed, will rest §7^ 
in the vertical position, the north pole 
N being directed upwards, and the 
south pole s being directed downwards. 

Now if the current which is before 
the needle be directed downwards and 
that which is behind it upwards, the 
north pole N will be deflected to the 
right i and consequently the south pole s to the left, as represented 
in the figure. But if the direction of the current be reversed so 
that hefore the needle, it shall be directed upwards and behind 
it downvmrdsy the north pole N will be deflected to the left and 
the south pole s to the right. 

If the intensity of the current be great, and the preponderance 
given to the lower arm of the needle small, the deflective force 
of the current will be sufficient to throw the needle completely 
at right angles to its position of rest, that is, to give it the hori- 
zontal direction ; but it is important to Observe, that no greater 
intensity of the current can affect it farther. The north pole, 
for example, cannot be deflected downwards, or the south pole 
upwards. In fine, the needle cannot be more affected by any 
increase of force of the current after it has once been thrown 
into the horizontal direction. 

If the intensity of the current be insufficient to throw the 
needle into the horizontal direction, it will nevertheless take a 
position intermediate between that and the vertical direction at 
which it win rest. Its deflection j&x)m the vertical will be more 
and more considerable as the current is moiQiis.tiQsi%i^^«sA^:RSL- 
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tain mathematical conditions have been discovered by wbich 
the relative intensity of the current may be determined by the 
ajnonnt of the deflection of the needle which it produces. 

35. It is evident that the sensibility of the needle will be so 
much the greater as the preponderance of the arm s is diminished 
and the intensity of the current increased. An expedient has, 
however, been ingeniously contrived, by which the most feeble 
current can be made to affect the needle. This is accomplished 
by winding the wire which carries the current several times 
round the needle, each coil being still parallel to the needle. 
By this contrivance, each successive coil of the wire produces a 
separate effect upon the needle, and if there be fifty such coils 
passing successively before and behind the needle, each portion 
of the wire thus carrying the current producing an independent 
deflecting force, there will be a total deflecting force an hundred 
times greater than that which a single portion of the wire pass- 
ing once over or under the needle would produce. 

In this manner the deflecting power of the most feeble current 
may be so mtbltiplied as to produce upon the needle as powerful 
an effect as would be produced by a current of great intensity. 

An apparatus consisting of wire thus coiled round a magnetic 
needle is called a mtjltifijeb, inasmuch as it multiplies the 
deflecting power of the needle. It is also called a beosoope, 
or SEOMETEB,* and sometimes a galvai^osgofe, or galvano- 
METEB, inasmuch as it indicates the presence, and by certain 
arrangements measures the intensity, of a galvanic or voltaic 
current. 

36. When the conducting wire is thus coiled round a needle, 
it is necessary that it should be covered or coated by some sub- 
stance which is a non-conductor of electricity, since otherwise 
the coils being necessarily in contact one with another, the 
current, instead of following the continuous thread of wire, 
would pass from coil to coil. In such cases, therefore, the wire 
is wrapped with silk or cotton, which being a non-conductor, 
confines the current within it just as water would be included 
in a pipe. 

37. As the wire coiled in the manner above described, and 
the fi^ame which carries it, would prevent the play of the needle 
from being easily and conveniently observed, the needle in- 
cluded within the frame is fixed upon the axis which supports 
it, so that the axis turns with it. This axis passes through the 
side of the frame, on which the wire is coiled, and upon the end 

* From two Gh:eek words, peos (reos) a current, and yxrpov (metron) a 
jaeasure. 
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of it 'Echich projects beyond the frame an index hand is fixed, ao 
as to be parallel to the needle, the plsy of which will necessarily 
correspond with that of the needle. This hand plays upon a 
Bort of dial, by which its deviationa to the right or to the left 
froiD. its position of rest ore indicated. 

This will be more clearly iinderHtood by reference to fig, 6, 
which represents a section of the mounting of the needle, the 
coil of wire and their appendages, mode by a vertical plane 
throagh ^e axis of the needle. The needle within the coil is 
represented at a 6, in its positirai of rest. The axis of the needle 
passing throi^h the frame supporting the coil, and through the 
dial plate, su]^>ortB in front of the dial the hand a' V, which is 
fixed upon the axis in a position parallel to „_ . 

the needle ah,BO that it must play before the 
dial in a manner corresponding exactly wiilt 
the play of the needle a b within the coil. 

38. In order to goyem the play of the 
needle, it is necessary that the agent at the 
station &om which the signal is transmitted 
should have the power, 1st. To suspend and 
transmit the cnrrent at the receiving station; 
and 2nd. To change its direction upon the 
conducting wire. The former is necessary, to 
enable him to bring at all times the needle to 
its position of restj and the latter, to deflect 
it to the right or to the left, according to the 
exigencies of the telegraphic communications. 

'fka general principle on which these 
changes in the flow and direction of the 
coirent are efibcted, has been already explained. It is easy 
to inu^fine, that by very simple mechanism the movement of a 
lever or arm may make or break the contact of the conducting 
wires, so as totransmitor suspend the current at pleasure. Also 
by a simple motion of such an arm the contact makers, or their 
equivalents, may he moved from one side to the other, eo 
as to reverse tiie current upon the wire to which the arm. is 
directed. 

If then an agent at the station be provided with any means 
of suspending or reversing the current which passes along 
the wire, he can at will bring a magnetic needle at the distant 
station to its position of rest, that is, to the vertical posi- 
tion, by suspending the current; or deflect it to the right, 
by causing the current to flow in one direction on the con- 
* " ' I ; or to the left, by reversing the direction of the 
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Tlie particolor maimer ia which these several operatioiis aiib- 
aerve to telegraphic purpoBes will be presently explained. 
89. To explain the manner in which the electric current con 
n, T import temporary magnetism to soft iron, 

let ua sappose a copper wire wrapped with 
silk, to prevent the metallic contact of 
contigooaB conTolutions, to be coiled 
Tonnd a rod of soft iron, bent into the 
form of a horse-ahoe, as Tcpresented in 
fig. 7, care being taken, that in carrying 
the wire from oae arm to the other, the 
3 direction of tiie convobitioiis shall be the 
9 if &0 coils had been continiied 
round the bend. 
So long as no electric onrreut passes along the oooTolutiona of 
tha wire the horse-shoe will be fr«e from magnetiam. But if 
the ands of the wire, marked + and — , be put in connection 
with the poles of a Toltaio battery, bo that a current flow round 
its oonToIatioDa, the horse-shoe will instantly become a magnet, 
dnd will be so much the more poweffal as the current is more 
intense, and the coils more multiplied. 

Han armature loaded with a weight be presented to the ends 
of the horse-shoe while the current paaaea on the wire, it will 
adhere to them, and tlie wei^t, if not too great, will be sup- 
pcnted. 
In 1830 an electro-magnet of extraordinary power vaa con- 
strnot^d under the superintendence 
^8. of iL Ponillet, at Paris. This 

apparatus, represented in fig. 8, 
consists of two horse-shoes, the legs 
of which are presented to each 
other, the bends being turned in 
1 contrary directLons. The superior 
hoise-shoe is fixed in the frame of 
the apparatus, the injerior being 
attached to a cross-piece which 
fOidea in vertical grooves formed in 
the aides of the frame. To this 
cross-piece a dish or plateau is sus- 
pended in which weights are placed, 
by the effect of which the attrac- 
tion which unites the two hoise-shoes is at length overcome. 
Each of the horse-ahoes is wrapped with 10,000 feet of 
covered wire, and they are so arranged that the poles of con- 
trajy names shall be in contact. With a current of moderate 
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inteiLsity the apparatus is capable of supportmg a weight of 
several tons. 

It is found more convenient generally to construct electro- 
magnets of two straight bars of soft iron, united at one end by 
a straight bar transverse to them, and attached to them by 
screws, so that the form of the magnet ceases to be that of a 
horse-shoe, the end at which the legs are united being not 
carved but square. The conductor of the heliacal current is 
usnaUy a copper wire of extreme tenuity. 

40. In whatever form these magnets are constructed, the cir- 
cumstance which in their telegraphic use is of most importance 
to notice, is that if proper conditions be observed in their pre- 
paration, their acquisition of the magnetic virtue upon the esta- 
blishment of the current, and their loss of it upon the suspen- 
sion of the current, are, for all practical purposes, instantaneous. 
The moment the extremities of the wire coiled round the horse- 
shoe are put into connection with the poles of the battery the 
horse-shoe becomes a magnet, and the moment the connection 
with the battery is broken it loses the magnetic virtue. 

It has been abeady shown, that by means of very simple 
expedients, the current may be interrupted hundreds or even 
thousands of times in a second, being fully re-established in the 
intervals. The acquisition and loss of magnetism by the horse- 
shoe accompany these pulsations with the most perfect and 
absolute simultaneity. If the pulsations of the current be pro- 
duced, at the rate of a thousand per second, the alternate pre- 
sence and absence of the magnetic virtue in the horse-shoe will 
equally be produced at the rate of a thousand per second. Nor 
are these effects in any way modified by the distance of the 
place of interruption of the current from the magnet. Thus, 
pulsations of the current may be produced by an operator in 
London, and the simultaneous pulsations of the magnetism may 
take place at Yienna, provided only that the two places are 
connected by a continuous series of conducting wires. 

41. It remains to show how these rapid pulsations of the 
magnetism of the bar can be rendered sensible, and how they 
may even be estimated and counted. 

Let two straight rods of soft iron be Surrounded by a succes- 
sion of convolutions of covered wire, such as has been already 
described, and let the ends, m, m', fig. 9, of these rods be con- 
nected by a straight bar of soft iron, attached to them by screws 
and nuts. Let the wire, a h, proceeding from a distant station, 
8, be put in metallic connection with the extremity of the wire 
coiled upon the rod, w, and let the wire, a' 6', connected with the 
extremity of the last convolution of the wire on the rod, m\ be 
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put in metallic connectioii with the earth. If a current flow 
Fig. 9, along a h, it will therefore circulate 

y round the rods, m and m\ and will 

■q i pass to the earth by the wire, a' V» So 
long as this current flows, the rods 
will be magnetic, and they will lose 
their magnetism in the intervals of its 
suspension. 

Let ^ ^ be a light iron bar, sup- 
ported on a pivot, at o, on which it 
is capable of playing, so that its arm, 
Qy may move freely to the right or 
leffc. Let ^ ^ be two stops, placed a 
small distance to the right and left of 
its extremity, ^, so as to limit the range 
of its play. Let 8 be a spring attached 
to the extremity, A, by which that ex- 
tremity wiU be constantly drawn to the 
left, and therefore the opposite extremity, ^/thrown to the right 
against the stop, t. When the current is suspended, and the 
rods, m m\ divested of magnetism, the lever yielding to the 
action of the spring, s, the end, g, wiU rest against the stop, U 
But when the current passes on the wire, the rods, m ml, be- 
coming magnetic, wiU attract the arm, o^, of the lever, and 
this attraction exceeding the force of the spring, the arm, o g, 
will be drawn towards the electro-magnet, until it encounters 
the stop, f, against which it wiU rest so long as the current 
continues to flow. But the moment the current is suspended, 
the bars, m m\ suddeiily losing their magnetism, the lever, o g^ 
is abandoned to the action of the spring, and it is again thrown 
back upon the stop, ^, where it rests imtil the current is re- 
established. 

Let us suppose that an agent at the station, s, to which the 
wire, a 2), extends, and whid^ may be at any distance, 500 miles 
for example, from s", is supplied with any of the means which 
have been explained, by which he can at will control the pulsa- 
tions of the current. When he causes the current to flow, he 
imparts magnetism to the bars, m m\ and throws the lever, (or 
armature) o g, against the stop, f. When he suspends the cur- 
rent he deprives the bars, m m\ of their magnetism, and leaves 
the lever, o ^, to the action of the spring, 8, by which it is thrown 
against the stop, t. 

It appears, therefore, that with each pulsation which the current 
receives &om the agent at s, the armature, o ^, at s", 500 miles 
distant from him, will perform a vibration between the stops. 
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i and f. As the transmission and suspension of the current, 
and also the acquisition and loss of the magnetic power, by the 
rods, m m\ are both instantaneous, there is no practical limit to 
the yelocily of the pulsations of the current and those of the 
magnetism alternately acquired and lost by the rods, m m\ 
The oscillations of the armature, o g, produced by these pulsa- 
tions are limited, howeyer, by its weight, the force of the 
spring, and the distance between the stops, t and f. The 
greater the weight of the lever, the force of the spring, and the 
distance between the stops, the slower will be the motion of the 
lever from ttof, produced by a current of given intensity. 
The greater the weight of the armature, and the distance between 
the stops, and the less the force of the spring, the slower will 
be the motion from ^ to ^. 

The stop, ^, is so placed as to prevent the absolute contact of 
the arm of the armature with the elecW-magnet, but to allow it 
to approach the latter very closely. Absolute contact is to be 
avoided^ because it is found that in that case the arm adheres to 
the magnet with a certain force after the current ceases to flow, 
but so long as absolute contact is prevented, it is immediately 
brought back by the spring, 8, when the current is suspended. 

42. It is evident, therefore, that the limit of the possible 
celerity of vibration to be imparted to the armature, o g, by the 
pulsations of the current will depend on the nice adjustment of the 
weight and play of the armature, and the force of the spring, s. 

The velocity of oscillation, however, which can in this way be 
given to the armature, is such as can scarcely be credited with- 
out actually witnessing its effects. When that velocity does not 
exceed a certain limit the oscillations may be registered and 
counted, by causing the armature to give motion to the anchor of 
an escapement, connected with a train of wheel-work, by which a 
hand or index, moving on a graduated dial, is governed. But 
these oscillations are susceptible of velocities so great that it 
would be difficult to apply this expedient for counting them. 
M. Gustavo Froment, of Paris, suggested and applied to this 
purpose with complete success, a method of ascertaining the 
velocity depending on the laws which govern the vibrations of 
musical strings. 

43. It is well known that the pitch of any musical note is the 
consequence of the rate of vibration of the string by which it is 
produced, and that the more rapid the vibration the higher the 
note will be in the musical scale, and the slower the vibration 
the lower it wiU be. Thus the string of a pianoforte which 

produces the bass note •^' J vibrates 132 times in a second, 
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that whioli produces the note 



vibrates 66 times in a 



second, and that which produces the note i^^ :zz vibrates 264 

tunes per second. 
On a seven-octave pianoforte the highest note in the treble ia 

three octaves above &— tL_, and the lowest note in the bass is 




four octaves below it. The number of complete vibrations 
corresponding to the former must be 3520 ; and the number of 
vibrations per second corresponding to the latter is 27^. 

If, therefore, the lever, o g, have any rate of vibration more 
rapid than 27^ vibrations per second, and less rapid than 3520 
per second, it will produce by its motion some definite musical 
sound, and if the note formed upon a pianoforte, which is in 
unison with it, be found, the rate of vibration of the string 
producing that note will be the same as that of the lever. 

When it is stated that the vibrations imparted by the pulsa- 
tions of the current to levers, mounted in the manner here 
described, have produced musical notes nearly two octaves 
higher than the highest note on a seven-octave piano, tuned to 
concert pitch, it may be conceived in how rapid a manner the 
transmission and suspension of the electric current, the acqui- 
sition and loss of magnetism in the soft iron rods, and the con- 
sequent oscillation of ^the lever, upon which these rods act, take 
place. The string which produces the highest note, on such a 
piano, vibrates 3520 times per second. A string which would 
produce a note an octave higher would vibrate 7040 times per 
second, and one which would produce a note two octaves higher 
would vibrate 14,080 times per second. 

It may, therefore, boj stated, that by the marvellously subtle 
action of the electric current, the motion of a pendulum is pro- 
duced, by which a single second of time is divided into from 
twelve to fourteen thousand equal parts ! 

44. It has been already shown how the motion of clock- 
work may be applied to control and regulate thej pulsations of 
the electric current. We shall now show how, on the other 
hand, the pulsations of the current may be made to govern the 
motion of wheel- work. This expedient must be regarded with 
the more interest inasmuch as it has been applied with the 
greatest effect in several of the varieties of electric telegraph, 
which have been proposed or brought into operation. 

45. If we suppose the armature g h, fig. 9, to be put into con- 
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nectioii yn&. the anchor of the escapement wheel of a Bysi«m of 
dock-work, it will be easj to eee how that clock-work can be 
regulated by the polsationa of the electric corrent. 

In fig. 10, w V is the esoapement wheel which is oonHtontly 
impelled by the foice of a descending weight of mainsprings in 
the direclioa of the 

arrows. The anchor, Fig.io. 

A B 0, of the escape- 
ment is connected with 
an asis c, by the 
straight rods s. This 
rod B T> may be either 
the vibratiiig arm of a 
lever, each ao gh, fig. 
9, kept in oeciUatiou 
by the cnnent acting 
on. an electro-magnet, 
<» it may be comiect«d 
with Bimh a lever in 
any convenient man- 
ner, BO as to oscillate 
Bimnltaneously with 
it, and to have the 
extent of play neoee- j, 
sary fbr the action of 
the palletB a. and of 
the anchor on the taeth 
of the escapement 
irfaeel. 

When the anchor is 
not in a state of oscil- 
lation, a tooth of the 
irtieel will rest upon 

one of ilB paUeta, and the wheel and dock-work connected with 
it will be stopped. When the anchor moves fix>m left to right, 
the tooth of the wheel, which was previously stopped by the 
upper surface n' of the pallet o, is allowed to acape, tmd in 
obedience to the power of the spring or weight, which movos 
the clock-work, it advances towards mf. Meanwhile the pallet A. 
enters the space between two teeth of the wheel, one of which 
coming against its lower surface, it stops its motion. When 
the anchor moves hack from right to left, the pallet o comes 
under the next tooth of the wheel. In this manner every 
movement of the anchor to the right lets a tooth, which was 
stopped by the pallet c, advance, and afterwards the pallet a 
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stops the advance of another tooth, wliile every movement to 
the left lets the tooth stopped by A advance, and afterwards the 
pallet stops the next tooth which advances on that side. 

Thus each complete oscillation of the anchor, consisting of a 
motion to the right and a motion to the lefb, lets one tooth of 
the escapement wheel, and no more, pass. 

Now if we suppose the pulsations of the current to impart to 
the anchor by the intervention of the electro-magnet and its 
appendages a motion of vibration, a tooth of the escapement 
wheel, and no more than one tooth, will pass the anchor for 
each pulsation of the current. If the current be suspended the 
movement of the escapement wheel and the clock-work con- 
nected with it will be also suspended, and when the pulsation 
of the current recommences, the oscillations of the anchor, and 
consequently the motion of the escapement wheel, and the 
clock-work connected with it, will also recommence. 

46. If the pulsations of the current be regulated (as they 
may be accordiug to what has been already explained), by the 
pendulum of a clock at any station, the motion of the anchor of 
the escapement, established at any other station to which the 
current is transmitted, will be synchronous with that of the 
pendulum of the clock which governs the pulsations of the 
current ; and thus a regular motion may be imparted by one 
clock to another, provided that between them there be esta- 
blished a conductor ; and the pendulum of the one clock regu- 
lates the pulsations of the current, which govern the movement 
of the anchor of the escapement of the other. 

47. If the extremity of the lever, o ^, fig. 9, carry a pencil, 
which presses upon paper, when the lever is drawn towards the 
electro-magnet, and if at the same time the paper is moved 
under the pendl with a uniform motion, a line will be traced 
upon the paper by the pencil, the length of which will be pro- 
portionate to that of the interval during which the lever o ^ is 
held in contact with the stop il. Now as the agent at S 
can regulate this interval at will, by controlling the flow of 
the electric current, making that current act for a short in- 
terval if he desire to make a short line upon the paper, for a 
long interval if he desire to make a long line, and for an 
instant if he desire to make merely a dot, it will be understood 
how he can at wiU mark a sheet of paper at s'"^, 500 miles 
distant, with any desired succession of lines of various lengths 
or of dots, and how he may combine these in any way he may 
find suitable to his purpose. 

We have here supposed the pencil attached to the end of the 
lever to be alternately pressed against the paper, and with- 
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drawn from it by the motion of the leyer. If, however, the 
paper be so placed that the leyer shall oscillate parallel to it, 
the pencil presented, to the paper wiU remain permanently in 
contact with it, and will trace upon the paper a line alternately 
right and leffc, whose length will be equal to the play of the end 
g g£ the lever, to which the pencil is attached. If while this 
takes place the paper be moved under the pencil in a direction 
at light angles to the line of its play, the pencil will trace upon 
the paper a zigzag line, the form of which wiU depend on the 
relation between the motion of the paper and that of the pencil. 
When the current is in this case suspended, the paper being 
moved under the pencil at rest, a straight line will be traced 
upon it. 

Thus the paper will be marked either with a zigzag line 
or a straight line, according as the current is transmitted or 
smfpended. 

If the current be alternately transmitted and suspended 
during intervals of unequal length, at the will of the agent, at 
8, the -psk-per at s"^ will be marked by a line alternately zigzag 
and straight, the length of the zigzag and straight parts being 
varied at the wiU of the operator at s. 

How these subserve to telegraphic purposes will be presently 
more fully explained. 

48. In the same manner, if a toothed wheel, moved by the 
agent at s, produce a pulsation of the current by the passage of 
each successive tooth, these pulsations wiU produce simulta- 
neouB oscillations of the lever o g, at the station s''^, and if these 
oscillations act upon the anchor of an escapement wheel at- 
tached to clock-work at s^, that wheel will be advanced in its 
revolution, tooth for tooth, with the wheel at s, and if each of 
these wheels govern the motions of hands upon dial plates, like 
the hands of a clock, the hand of the dial at s^ will have the 
same motion exactly as the hand on the dial at s, so that if at 
the commencement of the motion both hands point to the same 
figure or letter of the dial, they will continue, moving together, 
to point always to the same figures or letters. 

Thus if the operator at s desire to direct the hand on the dial 
at s", to the hour of 3 or 5, he will only have to turn the hand 
upon the dial, at his own station, to the one or the other of 
these hours. 

It will presently, also, be apparent how important this is in 
the art of electro-telegraphy. 

49. If the lever o g^ fig. 9, be connected with the tongue of 
an alarum-bell, so that when o ^ is put into vibration the bell 
will ring, and will continue to ring so long as the vibration 
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is continiLed, it is evident that the operator at s can, at wiH, 
ring a bell at s''', by producing pulsations of the current in any 
of the ways akeady described. 

An operator at s^'' may in like manner ring a bell at s. 

By this mutual power of ringing bells, each operator can call 
the attention of the other, when he is about to transmit a des- 
patch, and the other by ringing in answer can signify that he is 
prepared to receive the despatch, as already stated. 

60. If the lever o g were in connection with the lock or other 
mechanism, by whidi the powder charging a cannon is fired, the 
operator at t could at will discharge a cannon at b, no matter 
what may be the distance of B from T. 

51. It will ^be observed that when a bell is rung, or any 
similar signal produced at the station s^'", by means of an electric 
current ti'ansmitted from a distant station, s, it is not directly 
the force of the current which acts upon the object by which 
the signal is made. The current is only indirectly engaged, 
producing the result by liberating the mechanism which makes 
the signal and leaving the force which moves it free to act. 
Thus in the most usual case of a bell, it is acted upon while it 
rings, not by the current, but by the force of a mainspring or 
descending weight, transmitted to the hammer or tongue in the 
same manner exactly as that in which the force of a mainspring 
or weight of a clock is transmitted to the striking apparatus. 
The current does nothing more than disengage a catch by which 
the motion of the wheel-work acted on by the mainspring or 
weight is arrested. The catch once disengaged, the action of 
the current on the beU ceases, and the ringing is continued by 
the action of the mainspring or weight, and it may in like 
manner be stopped by the current again throwing the catch 
between the teeth of one of the wheels. 

It will, therefore, be apparent that since the force which 
impels the bell is independent of the current, a bell of any de- 
sired magnitude may be acted upon by a hammer of any desired 
weight, without requiring any more force from the current than 
that which is sufficient to enable the electro-magnet to disengage 
the catch by which the mechanism of the beU is arrested. 

52. Although the bell mechanism used for telegraphs differs in 
nothing which is essential from that of a common alarum clock, 
it may not be without interest to show one of the varieties of 
mechanism in practical use. 

In fig. 11 is given a view of the beU mechanism, as used on 
the telegraphic line of the South-Eastem Eailway Company.* 
A is the electro-magnet. 

* Elect TeL Manip., p. 23. 
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Fig. 11. 



B its armatnre* 

B e a lever attached at the upper end to the armature, and 

haying at the*.lower end a catch, 

e, which when the armature is 

not attracted towards the mag- 
net is pressed by a spring, /. 
d a wheel haying a tooth in 

which the catch e ia engaged by 

the pressure of the spring /, 

when the armature B is not at- 
tracted towards the magnet, but 

which is liberated from the catch 

€, when the armature B is drawn 

towards the magnet. 

a a cylindrical box containing 

a strong mainspring, by which 

the train of wheel- work is kept 

in motion so long as the catch e 

is not engaged in the tooth of 

the wheel d. 

The actual contact of the ar- 
mature B with the poles of the 
electro-magnet is prevented by 
two small ivory knobs screwed 

into the surface which is presented to the magnet. The play of 
the armature B is so limited that the catch e shall be just disen- 
gaged from the tooth of the wheel d when the ivory knobs come 
into contact with the poles of the magnet. 

"When the wheel-work is liberated by the magnet withdrawing 
the catch e from the wheel d, the mainspring in the cylindrical 
box a causes the toothed wjieel attached to the box to revolve. 
This wheel drives a pinion on the axle of the wheel h ; the wheel 
h drives a pinion on the axle of the wheel c; the teeth of the 
wheel c are engaged with those of a pinion on the wheel d. 
The movement of the train is stopped when the catch e falls 
under the tooth of the wheel d. The wheel % which is engaged 
in the anchor of the escapement g, is fixed upon the axle of 
the wheel c, turns with the latter, and thus gives an oscil- 
lating motion to the anchor, which is imparted to the hammer h 
of the bell d. The bell is therefore acted upon by the hammer 
so long as the magnet A keeps the catch e from falling imder the 
tooth of the wheel d, 

53. Since the magnitude, loudness, or pitch of the bell is 
independent of the force of the current, the telegraphic offices 
are provided with various bells for special purposes. 
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Soiaetimea a apecial wire la &pp opnated to ths bell which >» 
acted npoa by a special current 

In otiiec cases the regular urreat intended to vo k the tele- 
graph is diverted to the bell apparatus by the commatator 
Iq other cases, r.., , 

^laiit, the ol^'ect 
is accomplMied 

by cutting the jIIII \ \\\' 

bell off from j '^§lm \\ l^\ 

oirouit on com- i 
meudng 




M. Haying esplained he f na 
and conatructioii of electr mo, 
nets, we tHe prepared to ah w h 
manner in which an eloctri urren 
may be produced by the mare action 
of magnets without any interven- 
tion of a Toltaic battery. 

The eleotriraty Vkae produced has 
been called iu.aKEia-ELECTitidT7. 

£5. Let a silk or cotton covered 
wire be coiled heliacaliy on a roller 
or bobbin hayini; a hollow core of 
BufBcient magnitude to allow a 
cylindrical bar to be passed into it. 
Let the covered wiro be coiled con- 
stantly in the same direction, be- 
ginning from A. n (fig. 12), and 
terminating at D. Let the ex- 
tremities m n of this wire be joined 
to (hose of a wire m O n of any 
required length, etrefchod to any 
required distanca. Now let the 
north pole N of a magnet s n be 
suddenly passed into the core of 
the bobbin. An electric current 
will then be transmitted on the 
wire m o n, the presence of whieJi 
may be rendered manifest by a 
galvanometer. This current, how- 
ever, will be only momentary, being manifested c 
moment the pole of the magnet enters the core of tl 
li ceaeea immediately after that entrance. 
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Now if the magnetio bar after entering be as suddenly with- 
drawn, another current will be produced upon the wire moriy 
which will also be only momentary, but its direction on the 
wire will be contrary to that produced by the entrance of the 
magnetic pole. 

Thus if upon the entrance of the pole n a current is produced, 
running in the direction mon, the withdrawal of the pole N 
wiU produce a current running from nom. 

If the south pole s be passed into the core and withdrawn, 
momentary currents will in like manner be produced, but they 
will haye contrary directions. 

If the wire m o terminated at o, no matter what may be the 
distance of o from m, were put at o in metallic communication 
with the earth, or with a plate or other mass of metal buried 
in the earth, and if the extremity n of the wire of the coil were 
pat in metallic connection with the earth in the same manner 
at n, the transmission of the instantaneous currents would take 
place exactly in the same manner as above described, because 
in that case the earth would play the part of a conductor 
between the end of the wire m o at o, and the end of the coil 
wire fi. 

But if the metallic continuity either of the wire m o n, in case 
it extended from m to n, or of m o if it were as described above 
in connection with the earth at o, were anywhere broken, no 
cunent would be produced by the entrance or withdrawal of the 
magnet. It is therefore essential to the production of these 
phenomena that the extremities m and n of the coil wire shall 
be in electric communication with each other, by being united 
either with a continuous metallic connection, or by means of 
the earth in the manner already described. 

The property in virtue of which soft Fig. 13. 

iron acquires magnetic properties, wlien 
the poles of a permanent magnet are 
brought into proximity with it, supplies 
a very convenient method of exhibiting 
the play of the phenomena of momentary 
currents above described. ^,, 

56. Let SON (fig. 13), be a powerful 
permanent horse-shoe magnet, having its 
poles s, N, presented to and in close 
proximity with a similar horse-shoe a h 
of soft iron, wrapped with convolutions 
of covered wire in the manner already 
described. Let the extremities m and n of the coil be supposed 
to be placed in connection with two wires, which may be 
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extended to any distances, and -whose extremities are in metallic 
communication with the earth in the manner already explained. 
When the poles s and N are brought into proximity "with the 
ends a and 6 of the horse-shoe a b, the latter "wiU, by the 
inductive action of the magnet son, acquire magnetic polarity, 
the end a, near the south pole s, haying northern, and the end 
Z>, near the north pole N, having southern polarity. This mag- 
netic polarity, however, of a 6 will only continue so long as the 
poles s and N of the permanent magnet are kept near to a and h. 
If they be removed, that instant the polarity of a 6 will cease. 
If the poles be reversed, n being presented to a, and s to &, then 
a will acquire south, and h north polarity. 

It appears, therefore, that by presenting the poles of the 
magnet N o s to the horse-shoe, the same effect is produced as if 
the poles of a magnet were suddenly passed into the axis of the 
coil, flud by withdrawing the poles N and s from a and h, the 
same effect is produced on the coil as if the poles of the magnet 
which had been passed along the axis were suddenly with- 
drawn. 

57. The momentary currents in the one direction or in the 
other will, therefore, be produced upon the wire connected with 
the extremities of the coil, such as have already been described, 
each time the poles N and s are presented to and withdrawn 
&om the ends, a and h, of the horse-shoe of soft iron. If the 
magnet n o s were mounted so as to revolve upon an axis passing 
through the centre of its bend, and therefore midway between 
its legs, its poles might be made to pass the ends of the horse- 
shoe, the latter being stationary. During each revolution of 
the magnet nob the polarity imparted to the horse-shoe would 
be reversed. 

When the pole N approaches h, and consequentiy s approaches 
a, south polajdty will be imparted to &, and north polarity to a ; 
and when N passes a, and consequently s passes h, south polarity 
will be imparted to a, and north polarity to &. 

The momentary currents produced by these changes of mag- 
netism in a and h will be easily understood by what has been 
explained. When N approaches h, and s approaches a, the com- 
mencement of south polarity in h, and north polarity in a, wiU 
both impart to the wire a current in the same direction, because 
the coils of the spiral as presented to s will be the reverse of 
those presented to N. When N departs from 6, and s from a, 
the cessation of south polarity in h, and of north polarity in a, 
will impart currents in the same direction to the wire, but thia 
direction will be opposite to that of the former ctirrents. 

When N approaches a, and consequentiy a approaches h, cur- 
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lents will be imparted to the wire whose direction will be the 
same as that of those produced by the departure of sr from h, 
and of s from a. When N departs from a, and s from h, cur- 
rents will be produced in the same direction as when n approaches 
I and s approaches a. 

If the direction of the currents produced when n approaches 
5, and s approaches a, be indicated by an arrow directed to the 
light, and that of those produced when n departs from h, and 
8 firom. a, by an arrow directed to the left, the changes of direc- 
tion which take place in each revolution of the magnet N o s, 
will be such as are indicated in fig. 14, where h and a represent 
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the ends of the horse-shoe ha; n the position of the pole in 
approaching, and N^ in departing from 6, and n'' its position in 
approaching, and n'" in departing from a. The arrows directed 
to the right express the direction of the two currents which are 
produced upon the conducting wire, while N makes the half 
xeyolution ^^^ "Mf k; and the arrows directed to the left express 
the direction of the two currents produced, while N makes the 
half revolution TSi^ u n^'. 

Thus it appears that in each revolution of the magnet sr o s, 
four momentary currents are produced in the wire, two in one 
direction during one semi-revolution, and two in the contrary 
direction during the other semi-revolution. In the intervals 
between these momentary currents there is a suspension of 
voltaic action. 
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58. The electric currents may be instantaneously suspended, 
re-established, and reversed in their direction by means of a re- 
versing wheel or commutator to change the connections. By such 
an expedient properly adapted, it is easy to understand that by 
suspending the currents in one of the two contrary directions, 
while the other is allowed to pass, an intermitting current always 
running in the same direction may be obtained. Or if the com-> 
mutator be so adapted that while the momentary currents in one 
direction are allowed to run without interruption, those in the 
other direction shall be reversed, we shall then have in each re- 
volution four momentary currents flowing in a common direction. 
The current thus produced will be intermitting, that is, it will 
pass upon the wire by a succession of pulsations or intervals of 
transmission and suspension, but since in each revolution of the 
magnet there are two pulsations, — ^that is, two intervals of 
transmission and two of suspension, — and since the rotation of 
the magnet may be made with any desired rapidity, it follows 
that the pulsations will succeed each other with such celerity, 
and the intervals of suspension will be so brief, that for all prac- 
tical purposes the current will be continuous. 

59. Such are the principles on which is founded the construc- 
tion of magneto-electric machines, one form of which is repre- 
sented in flg. 4 (p. 18). The purpose of this apparatus is to pro- 
duce by magnetic induction an intermitting current constantly in 
the same direction, and to contrive means by which the intervals 
of intermission shall succeed each other so rapidly that the cur- 
rent shall have practically all the effects of a current absolutely 
continuous. 

A powerful compoimd horse-shoe magnet, A, is firmly attached 
by bolts and screws upon a horizontal bed, beyond the edge of 
which its poles a and h extend. Under these is fixed an electro- 
magnet X Y, with its legs vertical, and mounted so as to revolve 
upon a vertical axis. The covered wire is coiled in great 
quantity on the legs x Y, the direction of the coils being reversed 
in passing from one leg to the other. 

The two extremities of the wire proceeding from the legs x and 
Y are pressed by springs against the surfeices of two rollers, c 
and d, fixed upon the axis of the electro-magnet. These rollers 
themselves are in metallic connection with a pair of handles, 
p and N, to which the current evolved in the wire of the electro- 
magnet X Y will thus be conducted. 

If the electro-magnet x Y be now put in rotation by the 
handle m, the handles p and N being connected by any con- 
tinuous conductor, a system- of intermitting and alternately 
oantrajy currents will be produced in the wire and in the con- 
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doctor by which the handles p and N are connected. But if the 
rollers c and d are so contrived that the contact of the ends of 
the wire with them shall be only maintained during a semi- 
reyolution in which the intermitting currents have a common 
direction, or so that the direction during the other semi-revolu- 
tion shall be reversed, then the current transmitted through the 
conductor connecting the handles p and N will bo intermitting, 
but not contrary ; and by increasing the velocity of rotation of 
the electro-magnet x T, the intervals of intermission may be 
made to succeed each other with indefinite celerity, and the 
current will thus acquire aU the character of a continuous 
current. 

The forms of commutators by which the rollers c and d are 
made to break the contact, and re-establish it with the necessary 
regularity and certainty, or to reverse it during the altemato 
semi-revolutions, are various. 

All the usual effects of voltaic currents may be produced with 
this apparatus. If the handles p and N be held in the hands, 
the arms and body become the conductor through which the 
current passes from p to N. If x T be made to revolve, shocks 
are felt, which become insupportable when the current has a 
certain intensit^P. 

If it be desired to give local shocks to certain parts of the 
body, the hands of the operator, protected by non-conducting 
gloves, direct the knobs at the ends of the handles to the parts 
of the body between which it is desired to produce the voltaic 
shock. 

For telegraphic pui-poses it will be sufficient to place the line 
wire in connection with one of the handles p or N, while the 
other handle is in connection with the earth. A current will 
then be transmitted on the line wire which will be intermitting, 
but which may be rendered continuous by a combination of 
magneto-electric machines. 

60. It remains, in fine, to show how the chemical properties 
of the electric current can be made to supply the means of trans- 
mitting signals between two distant stations. 

When a current of adequate intensity is made to pass through 
certain chemical compounds, it is found that these are decom- 
posed, one of their constituente being carried away in the direc- 
tion of the current, and the other in the contrary direction. 

One of the most striking examples of the application of this 
principle is presented in the case of water, which, as is well 
known, is a compound of the gases called oxygen and hydrogen. 

Let us suppose that a series of cups, o h (fig. 15), containing 
water, are placed so that an electric current shall pass sue- 
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cessively througli them, commencing at the wire p, and passing 
at into the first cup ; thence through the water to h, and from 

Fig. 15. 
P I 1 f . f N 

^^Sj ^^S^ ^^^ ^^M ^^^ 
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h along the wire i to o in the second cup ; thence in like manner 
through the water to A, and then along the wire i\ and so on to 
N, the wire P being supposed to be connected with the positive 
pole of a battery, and the wire N with its negative pole. The 
current will therefore flow from P to N, passing through the 
water in each of the cups. Under such circumstances the water 
will be gradually decomposed in each of the cups, the particles 
of oxygen moving against the course of the current, and those 
of hydrogen moving with it, the former are evolved at the points 
0, and the latter at the points h. 

To show how this property of the current may be made to 
produce visible marks or signs, let us suppose a e^eet of paper, 
wetted with an acidulated solution of ferro-prussiate of potash, 
to be laid upon a plate of metal, and let the point of a metallic 
style bo applied to it, so as to press it gently against the metallic 
plate without piercing it. Let the style be now put in metallic 
connection with the wire which leads to the x>ositive pole of a 
voltaic battery, and let the metallic plate upon which the paper 
is laid be put in connection with the wire which leads to the 
negative pole. The current wiU, therefore, flow from the style 
through tiie moistened paper to the metallic plate, and it will 
decompose the prussiate, one of the constituents of which, de^ 
posited on the paper, wiU mark it with a bluish spot. 

• If the paper be moved under the style while the current flows, 
this decomposition being continued under the point of the style, 
a bluish line will be traced upon the paper. 

If while the paper is thus moved uniformly under the style, 
the current is permitted to flow only during intervals long or 
short, the paper will be marked by Hues long or short, according 
to the intervals during which the current flows ; and, since no 
decomposition takes place during the suspension of the current, 
the paper then passes under the style without receiving any 
mark. If the current be permitted to flow only for an instant, 
the paper will be marked by a dot. The long or short lines and 
dots, thus traced upon the paper, will be separated one from 
another by spaces more or less wide according to the lengths of 
i2i0 intervalB of suspension of the current. 
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Fig. IB.— Cooka mud Whsatstone'a fiTs-needls Talegraph, 18 



CHAPTER III. 

HISTOKT OF THE TELEQSAPH. 

61, Earlj Tdeftrapliing by preooncerted gigtiiU. — 62. Semsphon! tele- 
gnphs,' — 63. ExpecimCDts witb frictional or machine electricity. — 64. 
Telegraphs worked b; &ioUonaI eleotrioit; — This class of electricitj too 
volatile. — 6G. Applications of Toltuc ai chemisal electricity in earl; 
telegraphs— Sfemmering, Scbilling, Ac — Ofl. Oansa and Weber's t«l«- 
gmph.— 67. W. F. Cooke's first -Mlegtaph.— 68. Cooke and Wheat- 
stone's five-needle telegraph. 

61. HATnca thus described the theory of electricity, we vill 
now proceed to treat of its applicatioii to telegraphic purposea. 

The conTeytmoe of intelligence by means of precoocerted 
mgnals lias been piaddsed with more or less success from the 
most aodent timea. The use of beacons by night, cmd columns 
of smoke by day, as a mode of communicating events, is referred 
to in the sacred writings ; and v/e have had a comparatively 
recent instance of the continued exiBt«nce of a rude method of 
passing a signal from hand to hand, in the circulation of the 
cakes employed by the natives of India in arranging the out- 
break of 18S7. 

62. These signals were gradnally improved and supplemented 
by mechanical contrivances nntil shortly before the Prench 
rerolntion. Claude ChappS, a young student in the Collie at 
Angers, contrived a telegraph by means of which he could con- 
fer with hie two brothers, who were placed at a school about a 
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mile and a-half distant &om the town. The apparatns consisted 
of a wooden beam rotating upon a centre, bearing at its extre- 
mities two arms capable of being moved around their axes to 
any required angle. 

This simple machine was capable of producing 192 separate 
signals, and was afterwards adopted by the French Government, 
stations being established throughout the country. Lines of 
semaphore telegraph were soon after erected in England on a 
somewhat similar plan, and a comparatively high rate of speed 
was attained by them. The frequent liability to interruption 
from misty weather was however, especially in this climate, a 
great defect, and was not uncommonly the cause of much 
confusion. 

Thus, on an occasion when, during the Peninsular war, the 
admiral at Plymouth had an important message to transmit to 
Whitehall, he was only able to forward part of it at first, a thick 
fog gathering over a portion of the Hne of stations, and inter- 
rupting the communication. Great distress and anxiety re- 
sulted in London, for the first part of the message transmitted 
was ** Wellington defeated ;" the remainder of the message which 
came next day, '' the Prench at Salamanca,'* changed the 
metropoHtan sorrow into gladness. 

It would be foreign to the object of the present work to enter 
at any length into the various ingenious mechanical contriv- 
ances for communicating visual signals by day and night. 

63. Our readers are probably aware that it was not until the 
middle of last century that the discovery of the power of gene- 
rating and collecting electricity derived from the Motion of glass 
and other substances, drew the attention of men of science to 
the study of phenomena, which had been observed to a trifling 
extent by the philosophers of ancient times. It was not long 
before it was ascertained that the effect could be communi- 
cated along insulated conducting substances to a considerable 
distance. 

At the Carthusian Convent, in Paris, the whole community 
stood in a line holding pieces of iron wire to a length of some 
2000 yards, and on discharging an electrical jar at the end of 
the Hne the whole company gave a sudden spring at the same 
instant, all feeling the shock together. 

In England also Sir William Watson, a distinguished man of 
science, carried out experiments on a much larger scale, and by 
means of a wire erected at Shooter's Hill for a length of 
12,000 feet, showed that the transmission of electricity was to all 
perception instantaneous. 

64. It might be supposed that this having been established. 
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and semaphore apparatus being in existence by which signals 
were daily conveyed from place to place, that some instrument 
would very soon have been constructed by which electricity 
could be applied to communicating intelligence. This was in 
fact tried in various ways by Lesage, Lomond, Ronalds, and 
others, several lines of more or less length being constructed in 
different countries. The difficulty, however, of sufficiently 
iT\gn1ftfiTig the wires to retain electricity of high tension and 
«maIL quantity was so great, that in no instance was a success 
attained whidi bore any practical fruit. 

The general theory of electro-magnetic phenomena, so far as 
they bear upon telegraphy, has been described in the previous 
chapters. It is, however, worthy of remark that efforts were 
made for many years to apply the volatile species of electricity 
derived from friction to the production of signals, before the 
great discoverier of Galvani, Volta, Oersted, and Ampere had 
furnished us with an agent sufficiently tractable for practical 
application. 

65. During the early part of the present century the inves- 
tigation of the attributes and phenomena of voltaic electricity (or 
that derived fWmlhe chemical decomposition of water already' 
described) and its connection with magnetic action, gave rise to 
various suggestions and experiments by ScBmmering, Schilling, 
Pechner, Ritchie, Steinheil, Gauss and Weber, and others, for 
the adaptation of this new power to signalling purposes. 

66. The apparatus constructed by the last-named experi- 
mentalists upwards of thirty years ago deserves more than a 
passing notice, both from the remarkable ingenuity shown in 
multiplying the effect of the signal by the angle of reflection ; 
and from the circumstance that it corresponds entirely in 
principle, and very nearly in detail, with the apparatus actually 
used for receiving signals through the Atlantic Gables by a re- 
flecting galvanometer needle. 

Qauss and Weber's telegraph consisted of a magnetic needle 
moved by currents developed by induction from a permanent 
magnet, the signals being shown by means of a small mirror 
attached to the needle, in order to increase the effect of its move- 
ments to the operator, who read the deflections by aid of a 
magnifler at a short distance. 

This apparatus is shown in fig. 17. 

a, is a small mirror with a counter-balance attached to the axle 
of a magnet suspended by a thread and actuated by a coil hy h. 
The scale c, shown separately in front view at c', was fixed to 
the stand of the observing telescope/, so that it was reflected 
back to the eye of the observer. By this means a very small 
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movement of the magnet could be read off. This telegraph was 
actually put in operation between the Cabinet of Natural Philo- 
sophy and the Observatory at Gottingen, about a mile and a- 
hsif apart, by means of a copper wire suspended in the air. 
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Fig. 17. — Gauss and Weber's Telegrapli. 

67. It became a common experiment at the lecture hall table, 
at classes and philosophical meetings, to exhibit apparatus in 
which magnetic needles were deflected at a short distance &om 
the exciting power. It happened that early in 1836 Mr. W, F. 
Cooke, who had previously held a commission in the Indian 
army, happened to see one of these experiments exhibited at 
Heidelberg. His mind was deeply impressed with the subject, 
for he saw at once that something more was to be done with 
this subtle power, than merely demonstrating that a magnetised 
needle could be deflected in one room by a battery in another ; 
and from that day he devoted himself to the practical realization 
of the electric telegraph. 

So rapidly did execution follow thought 'that within three 
weeks he had constructed a reciprocal telegraph, by which letters 
could be interchanged between two distant stations, by the 
movement of three manipulating keys, with corresponding 
magnetic indices. 

This apparatus is shown in fig. 18. Six wires were used. 

This instrument possessed the important feature of recipro- 
cality for receiving and indicating the signals ; and for trans- 
mitting the currents from either end. The signals were shown 
by the turning of discs attached to the axles of three magnetic 
needles, when one or other of the needles was deflected ^by a 
current. 

The indicating apparatus at the two termini being part of the 
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oiTCiiit, wliether the cunent ^ras tranemittad &om. one end or 
the other, erery signal -waa exhibited at both places simaltane- 
onsly, and the Bender oonld perceirs Bnd correct Buy error of 
his manipulation, 'whUe the recipient [of the meaBitge could im- 
mediately chock hitn shonld any signal be misundeTstood. Ur. 
Oooks shortly after devised a simple means of attracting the 
attention of a distant station by sounding on alorom, whidi has 
continiied in general ose ever since "without material change in 
IT principle. It conaiated of a train of wheels driren by a 
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Fig. 18.— CooksB Fint Tslegnph, 183(1. 

;q)ring, and restrained by a detent, te which was fixed a piece of 
iron opposite the poles of an electro-magnet. On the current 




Fig. 19.— Cooke's Alaram. 

passing the clock-work mechanism was roleased, bringing a, 
hammer inte contort with a beU. 
This alarum is shown at fig. 19. 
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68. After constructing yarious instruments (some of which in 
January, 1837, were brought before the Manchester and Liyer- 
pool Railway, with the object of applying them for signalling 
through the tunnel at Edge Hill), Mr. Cooke became acquainted 
with Professor Wheatstone, who had been engaged for some 
time upon a series of experiments regarding the velocity of 
electricity, and had also devoted some attention to the subject 
of telegraphing; their discussions resulted in a combination of 
plans, and in the summer of the same year they obtained a 
patent for their united inventions, the principal features of which 
are shown at fig. 16 (p. 39) ; one part of which represents the 
sending apparatus, and the other the receiving dial with five 
needles. 

The alphabet was indicated by the concurrent pointing of any 
two of the needles, the small circles shown in the figure being 
inscribed with the various letters. 

The commutator or key-board for changing the currents 
consisted simply of five springs united together by a metallic 
bridge ; finger studs being so placed that one battery pole or 
the other could be readily connected to each of the five conduct- 
ing wires. ^ 

Although this apparatus was the parent of the simpler needle 
instruments, which are still largely used for railway and other 
purposes, it possesses only an historical interest ; and together 
with various other early meritorious inventions of Messrs. 
Cooke and Wheatstone need not be further described. - 

Before passing on to the telegraphs actually in use, it should be 
mentioned that Professor Morse of America, (whose system was 
put into practical shape at a later period,) has shown that the 
germ of the recording apparatus which has since been so gene- 
rally adopted, was the subject of some experiments by him in 
America, at a time slightly anterior to the telegraph of Messrs. 
Cooke and Wheatstone. 

In Bavaria, Professor Steinheil was also contemporaneously 
engaged in demonstrating the practicability of another form of 
electric telegraph. 

We have now arrived at a neriod from which the existence of 
this means of communication/may be properly said to date ; but 
the appliances hereafter to be described are more or less the off- 
spring of these early labours. 
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CHAPTER IV. 

THB PBOD0CTION OF BLECTRICITr BT CHE.VICAL DBCOU- 
HSITION AND VAEI0U8 JOEMS OP VOLTAIC BATTEBIBS 
OSDINABJLT USED. 

W. Oonuooii plate battery. — TO. Cambination of «anenta. — 71. loaa of 
power by imperfect condnotion. — 7S. Cjlindrical batteriei. — 73. 
lUn of batt^ ptatei, or eelli, aod poles defiaed, — 74. Ongin of 
tarm voUaic ptie.— 75. Use of sand in charging batterien. — 76. To 
«BT intemity of current. — 77. Description of batCeriai. — WollMton'a, 
Hars'i, Danieri, Grore'a, Smce's, Bims«ii'«, Harie Davy's. 

69. Osx of the most ainiple forms of voltaic battery is that 
represented in fig. 21, vhich consists of a, glazed eaxtlien- 
wiire trough, divided by He ai 

partitiona into a seriee of 
parallel cells, and a aeries of 
zinc and copper plates, a' b', 
of shape and loag^tude cor- 
responding with the cells, 
attached to a vooden rod, 
each copper plate being 
connected at the top, tinder 
the wood, by a band of 
metal, vith the zinc plate 
vhich immediately succeeds 
it in the series. For bierity, let as designate the first copper 
plate, 0,, the second, c,, the third, o,, and so on, proceeding 
&om a' towards b', and let the first zinc plate, which is con- 
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nected witii o, by a metal band, be called z,, the next, whicb is 
aimilai'ly connected y/itk o,, be called z,, and bo on from A.' 
towards b'. Now, the interrals between the plates being so 
arranged aa to correepond with the width of the cella, the series 
of plateB may be let down into the ceUe Bo that a partition shall 
separate every pair of plates which are connected by a metal 
band. Thus, the first partition will pass between, o, andz,,tho 
second between c, and z,, the third between o, and z„ and bo 
on. It appears, therefore, that the first cell proceeding fi-om A 
towards B will contain only the copper plate c, , the second will 
contain 0, and Z,, the third, c, and z,, and so on, the last cell 
at the extremity B of the series ocmtaining only the last zinc 
plate, which we shall call z.. 

Now, it is evident that as the arrangement thns stands, the 
first and last cells of the series would differ from the inter- 
mediate ones, inasmuch as, while each of the latter contains a 
pair of plates, each of the former contains only a single plato, 
the first copper o, and the last zinc z.. To complete the arrange- 
ment, theretbre, it will be necessary to place a zinc plato, wHch 
we shall call z,, in the first cell to the left of 0,, and so as not 
to be in contact with it, and in like manner a copper plate, 
which we shall call o,, in the last cell B to the right of z,, and 
BO as not to be in contact with it. Let wires be soldered to the 
appei edges of these terminal plates z, and O^, and let them be 
carried to any desired distances, but finally connected with 
plates, or any other masses of metal, buried in the ground at n' . 
and/, fig. 22. 

These dispositions being made, let us suppose the cells to be 
filled with a weak acid sdution, such as has been already de- 
scribed, but so that the liquid in one cell may not overflow into 
the next. A current of electricity will now be established along 
the wire passing as indicated by the aiTOws, from the last 

Fig. aa. 




copper plate at p> to the earth at p', while a current will paas 
.dum £Zie earth at n' to the first zinc plato Z ,, at ir. 
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This cuTTent is produced by the combined voltaic action of all 
the pairs of plates contained in the cells of the trough. 

70. The current produced by the combination z, c^ in the 
first cell, will flow from the plate o ^ by the band of metal to the 
plate z,, in the second cell. It will follow this course because 
of the conducting power of the metals, and the insulating power 
of the wood and earthenware, which prevents its escape. From 
the plate z, it will pass through the acidulated water to the 
plate o,, for although this water has not a conducting power 
equal to that of metal, it has nevertheless sufficient to continue 
the current to c,. Prom c, it will pass by the band of metal 
to z^ and from that through the liquid in the third cell to O3 , 
and from that by the metal to z, , and so on until it arrives at 
the last plate c. of the series, from which it will pass, by the 
conducting wire, from P to ^\ 

It is evident, therefore, that the current produced by the 
voltaic combination in the first cell must pass successively 
through the plates and liquid in all the cells before it can arrive 
at P. 

In the same manner it may be shown that the current pro- 
duced in the second cell containing z, and c, , must pass through 
aU the succeeding cells before it can reach p, and so of all ti^e 
others. 

71. Now, if the metals and liquid were perfect conductors, 
each of these currents would arrive at P with undiminished force, 
and then the current upon the wire P p' would be as many times 
more intense than a current produced by a single voltaic com- 
bination as there are cells. But this is not so. The metals 
copper and zinc, though good conductors, are not perfect ones, 
and the acidulated water is a very imperfect one. The conse- 
quence is, that the currents severally produced in each of the 
cells, suffer a considerable loss of force before they arrive at the 
conducting wire P y; and mathematical formulae, based on 
theoretical principles and practical data, have been contrived to 
express in each case the effects of this diminution of force due 
to the imperfect conducting power, or the resistance, as it has 
l)een called, of the elements of the battery. 

Without going into the reasoning upon which these investiga- 
tions are founded, it will be sufficient for our present object to 
state, that in all cases, a current of greater or less force is trans- 
mitted to the terminal plate of the series from each of the cells, 
no matter how numerous they may be, and in some cases bat- 
teries have been constructed and brought into operation, in 
scientific researches, which consisted of as many as two thousand 
pairs of plates. 
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Thia cmrrait is produced by tha combined voltaic action of all 
the pairs of plates coataiued in the cells of the trough. 

70. The cnrrent pnidnced by the combinatioii z, c,, in tho 
firet cell, will flow f^oin ihe plate C , bj- the brmd of uiotiti to Ow 
plate z,, in the eecocd c«U. It vSl foDow this course bccanao 
of the conducting porer of the icetals, and the insulating p<nnr 
of the wood and earthenware, which preventa its escape. From 
the piate Z, it will pas- through the acidulated water tn Ika 
plate c,, for althongh this water has not a conducting pow^ 
eqoal to that of metal, it h "" nevertheless Eufficient to conliBne 
the current to C,. From c^ it will pass by the band of im (itf 
to z, and from that ttrongh the liquid in the third cell to C,^ 
and from that by the metal to z,, and so on until it arriics aC 
the last piate c. of the series, from which it will pass, by lift 
conducting wire, from P to j/. 

It is evident, therefore, that the cnirent prodnad irr tfi* 
voltaic combination in the hr^ cell maet pass waci 
through the plates and liqiiid in aU the celU before it a 
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Fig. 23. 




72. To simplify the explanation, as well as because the fomt 
described is very generally used for telegraphic purposes, we have 
here selected the plate battery to illustrate the general principle 
upon which all voltaic combinations are founded. In fig. 23 i» 

represented the dispo- 
sition of the cylinders 
in a battery formed on 
the principles of Daniel 
or Ghrove, where the 
metallic connection of 
each copper or charcoal 
element of one pair, 
with the zinc element 

of the succeeding pair, is represented by a rectangular metallic 

bar or wire. 

73. Each combination of two metals, or of one metal and 
charcoal, which enters into the composition of a battery, is 
usually called a FAnt, or an element, and, in practical tele- 
graphy, a cell. Thus, a battery is said to consist of so many 
FAias, or ELEMEKTS, or cells. 

The end of the battery from which the current issues is called 
its POSITIVE POLE, and that to which it returns is called its 
NEGATIVE POLE. Thus, in the batteries explained above, P is 
the positive, and n the negative pole. 

Since in the most usual elements, zdnc and copper, the current 
issues £rom the last copper plate, and returns to the first zinc 
plate, the positive pole is sometimes called the goppeb pole, 
and the negative the zinc pole. 

74. The voltaic battery is sometimes called the voltaic pile. 
This term haddts origin from the forms given to the first voltaic 
combination by its illustrious inventor. 

The first pile constructed by Volta was formed as follows : — ^A 
disc of zinc was laid upon a plate of glass. Upon it was laid an 
equal disc of dloth or pasteboard, soaked in acidulated water. 
Upon this was laid an equal disc of copper. Upon the copper 
were laid, in the same order, three discs of zinc, wet cloth, and 
copper, and the same superposition of the same combinations of 
zinc, cloth, and copper, was continued until the pile was com- 
pleted. The highest disc (of copper) was then the jwsitive, and 
the lowest disc (of zinc) the negative pole, according to the 
principles already explained. 

It was usual to keep the discs in their places by confining 
them between rods of glass. 

Such a pile, with conducting wires connected with its poles 
j's represented in Eg. 24. 
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"16. As the batteries used on telegraphic lines are liable to 
fMqncmt lemoval from place to place while charged with the 
addolated water, or othec exciting liquid, it 
has boon found desirable to contrive means "*' ^ 

to prerant such liquid from being spilled, or 
tbrown from cell to cell. This has been per- 
ibotlf acoomplislied by the gimple expedient 
of filling the cells wiUi silicioaa sand, which 
is kept aatm^ted with the exciting liquid so 
long as the battery is in operation. 

76. It is often necesaoiy, in telegraphic 
operations, to Tsry the intensity oTthecurrent. 
This is accomplished, witiiin certain limits, 
Trithoat changing the battery, in the foUowing 




H it be desired to give the full force of 
the battery to the ourrent, the wires are 
attached to the terminal plates, bo that the 
entire battery is between them. But if any 
Imb intensity is deeired, the wires, or one of 
than, is attached to intermediate plates, so 
tiiat Uiey shall indade between them a part 
only of the battery. The part indaded 
between them is alone acttve in prodndng 
tiie cnrtent, all tbe elements which ate out- 
mde the wires being passive. The battery, 
in eS^, is converted into one of fewer C7 d 

etements. 

Provisions are made, which will be explmned hereafter, by 
which the operator can, by a touch of the hand, thus vary the 
force of the battery. 

71. Avery simple and inexpensive form of batt«ry, suggested 
hy the lat« Dr. Wollaston, is generally used in England, par- 
tionlarly in connection with the Bailway telegraphs. It con- 
sists of plates of zinc and copper joined together by a band of 
copper, placed in a long wooden trough divided into colls by 
traaeverse partitionB. The cells are uaudly filled with sand, 
moistened with water mixed with sulphuric acid in the propor- 
tion of about one part of strong acid to fifteen of water. A 
more intense current could be produced by using a stronger 
Bol-ation, bat it is found preferable to augment its intensity by 
increasing the number of plates in the battery. The dimensions 
<rf the plates are generally four to five inches wide, and three to 
ibur inches deep. The thickness of the zinc plates is something 
lees than a quarter of an inch. The cells are filled witli sand to 
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within an inch of the top, and the parts of the plates above the 
sand OK Tarnished as a protection against corrosion, and to keep 
Uiem dean. In general, the troughs are made either of glazed 
gatta percha or some compact wood, anch aa oak, or teak, made 
water-tight by cement or marine glue. When the trough ie 
wood the partitionB of the cells are slate, tlie width of eadi cell 
being one inch and a quarter to one inch and a half. The 
troughs contain, some twenty-four, and some twelre cells. 

Glass troughs, with alternate porous divisions of oarthenwaFe, 
are fbund to tmswer very well with Daniel's form of battery, 
being both durable, and constant in action. 

A very ingenious voltaic combination has been invented by 
Uarie Davy, in which moistened bisulphide of mercury is used 
as a mediom, zinc and 
graphite plates being em.- 
ployed. The mercury in 
the salt is gradually eli- 
minated by electric action, 
keeping by electrolytic 
deposit the surface of the 
zinc plate amalgamated, 
and finally leaving a de- 
posit of meroury in the 
cell. This battery is 
expensive at first, bnt the 
mercury depoeited ulti- 
jaat«ly reduces the cost, 
and the wear of the sino 
plates IS very small. It 
has been introduced cm 
some of the French and 
English lines. The gm- 
phite plates are cat from 
the refuse of gas retorts, 
and covered with a coat- 
ing of powdered platinum 
by electro-chemical de- 
position. A sketch of this battwy is shown in fig, 25, 

Batteries of this sort, consisting of twenty-four cells, pve a 
current of sufficient force for an overground line of wire of 00 
miles. For 100 miles, 48 cells, and for 200 miles, three troughs 
of 24 cells are required. These batteries may frequently give 
superfluous force, but it is necessary to provide against the con- 
tingency of leakage by accidental defects of insulation. 
The durability of these batteries is increased by amalga- 
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mating the zinc plates. This is effected by first washing them 
in acidulated water, and then immersing them in a bath of 
mercury for one or two minutes. The mercury will combine 
with the zinc and form a superficial coating of iJie amalgam of 
zinc. When they are worn by use, they may be restored, by 
scouring them, and submitting them to the same process, and 
this may be continued xmtil the zinc become too thin to hold 
together. 

New batteries, when carefully put together, will, with care, 
do duty for six or eight months, when the work is not heavy ; 
but on a busy line they become exhausted in three or four 
months. 

The late Dr. WoUaston pro{)osed an arrangement, in which 
the copper plate was bent into two parallel plates, a space be- 
tween them being left for the insertion of the zinc plate, the 
contact of the plates being prevented by the interposition of 
bits of cork or other non-conductor. The system thus combined 
was immersed in dilute acid, contained in a porcelain vessel. 

Dr. Hare of Philadelphia contrived a voltaic arrangement, 
consisting of two metallic plates, one of zinc and the other of 
copper, of equal length, rolled together in the form of a spiral, 
a space of a quarter of an inch being left between them. They 
are maintained parallel without touching, by means of a wooden 
cross at top and bottom, in which notches are provided at proper 
distances, into which the plates are inserted, the two crosses 
having a common axis. This combination is let into a glass or 
porcelain cylindrical vessel of corresponding magnitude, con- 
taining the exciting liquid. 

This arrangement has the great advantage of providing a 
very considerable electro-motive surfSace with a very small 
volume. 

The exciting liquid recommended for these batteries when 
great power is desired, is a solution in water of 2^ per cent, of 
sulphuric, and 2 per cent, of nitric acid. A less intense but 
more durable action may be obtained by a solution of common 
salt, or of 3 to 5 per cent, of sulphuric acid only. 

It is not essential that the water in which the metals are 
immersed be acidulated, as we have supposed, by sulphuric acid. 
Any acid which will promote the oxydation of the zinc without 
affecting the copper will answer. Nor is it indeed necessary 
that any add whatever be used. A saline solution is often 
found more convenient. Thus common salt dissolved in the 
water will produce the desired effect. 

Of the various voltaic combinations which have been applied 
in scientific researches, four only have been found available to 
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Fig. 26. 




any considerable extent in the working of electric telegraphs, 
the zinc and copper plate combination described above, Daniel's 
constant battery, Grove's battery, Bunsen's modification of it, 
and the magneto-electric apparatus. 

Daniel's combiaation, which is extensively nsed in working 
telegraphs, consists of a copper cylindrical vessel c o, fig. 26, 
widening near the top a ^. In this is placed a cylindrical 

vessel of unglazed porcelain p. In this 
latter is placed the hollow cylinder of 
zinc z, already described. The space be- 
tween the copper and porcelain vessels is 
fiUed with a saturated solution of the 
sulphate of copper, which is maintained 
in a state of saturation by crystals of the 
salt placed in the wide cup ah cd,in. the 
bottom of which is a grating composed of 
wire carried in a zigzag direction between 
two concentric rings, as represented in plan at G. The vessel j9, 
containing the zinc, is filled with a solution of sulphuric acid, 
containing firom 10 to 25 per cent, of acid when greater electro- 
motive power is required, and &om 1 to 4 per cent, when more 
moderate action is sufficient. This form of battery evolves 
electricity of low tension, but is found very economical in Tise 
from the long time it lasts without renewal, and is found 
especially suited for telegraphs from its cheapness and the in- 
variable nature of its current. 
The following modification of Daniel's system was adopted 

by M. Pouillet in his experimental re- 
searches, and is the form and arrange- 
ment used in France for the telegraphs. 
A hollow cylinder a, fig. 27, of thin 
copper, is ballasted with sand ft, hav- 
ing a fiat bottom c, and a conical top d. 
Above this cone the sides of the copper 
cylinders are continued, and terminate 
in a flange e. Between this flange and 
the base of the cone, and near the base, 
is a ring of holes. This copper vessel 
is placed in a bladder which fits it 
loosely like a glove, and is tied round 
the neck under the fiange e. The satu- 
rated solution of the sulphate of copper 
is poured into the cup above the cone, 
and, flowing through the ring of holes, fills the space between 
the bladder and the copper vessel. It is maintained in 
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its state of saturation by crystals of the salt deposited in the 
cup. . 

This copper vessel is then immersed in a vessel of glazed 
porcelain'i, containing a solution of the sulphate of zinc or the 
chloride of sodium (common salt). A hollow cylinder of zinc 
A, split down the side so as to be capable of being enlarged, or 
contracted at pleasure, is immersed in this solution surrounding 
the bladder. The poles are indicated by the conductors p and 
fly the positive proceeding £rom the copper, and the negative 
from the zinc. 

M. FouiUet states that the action of this apparatus is sus- 
tained without sensible variation for entire days, provided the 
cup above the cone d is kept supplied with ^e salt, so as to 
maiTitain the solution in the saturated state. 

In the batteries used for the telegraphs on the French rail- 
ways, the liquid in which the zinc cylinder is immersed is pure 
water, and this is found to answer in a very satisfax^tory 
manner. 

The current flows from the copper cylinder and returns as 
usual to the zinc. 

Grove's battery consists of two liquids, sulphuric and nitric 
acids, and two metals, zinc and platinum, arranged in the follow- 
ing manner : — 

A hollow cylinder of zinc z z, flg. 28, open at both ends as 
already described, is placed in a vessel of glazed porcelain, y y. 
Within this is placed a cylindrical vessel v v, of unglazed por- 
celain, a little less in diameter than the zinc z z, so that a space 
of about a quarter of an inch may separate their surfaces. In 
this vessel v v, is inserted a cylinder o o of platinum, open at 
the ends, and a little less 
than vv, so that their sur- 
faces maybe about a quarter 
of an inch asunder. Dilute 
sulphuric add is then poured 
into the vessel y v, and con- 
centrated nitric acid into v v; \ 
F proceeding from the pla- 
tinum will then be the posi- 
tive, and N proceeding from 
the zinc the negative pole. 

In Smee's battery, plates of 
siLver instead of copper are 
used in combination with zinc, the exciting fluid is more strongly 
acidulatiBd than is customary in the Wollaston battery, and the 
electrical action is consequently more powerful. The Grove 
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and Smee batteries are iisually so arranged that the plates are 
lifted out of the cells by taming the handle of a rack to which 
they are fixed, so as to prevent the decomposition of the plates 
when the batteries are not actually in use. These two forms of 
voltaic arrangement are, however, expensive in construction 
and working. 

Bunsen contrived a battery which has taken his name, and 
which, while it retains all the efficiency of Grove's, can be con- 
structed at much less expense, the platinum element being 
replaced by the cheaper material of charcoal. 

In the vessel u u is inserted, instead of a hollow cylinder of 
platinum, a solid cylindrical rod of charcoal, made £rom the 
residuum taken from the retorts of gas-works. A strong porous 
mass is produced by repeatedly baking the pulverised coke, to 
which the required form is easily imparted. Dilute sulphuric 
acid is then poured into the vessel Y Y, and concentrated nitric 
acid into v v» The electric fluid issues from a wire connected 
with the charcoal, and returns by one connected with the 
zinc. 

The chief advantage of Daniel's system is that from which it 
takes its name, its constancy. Its power, however, in its most 
efficient state, is greatly inferior to that of the carbon or plati- 
num systems of Bunsen and Grove. A serious practical in- 
convenience, however, attends all batteries in which concentrated 
nitric acid is used, owing to the difiusion of nitrous vapour, and 
the injury to which the parties working them are exposed by 
respiring it. In my own experiments with Bunsen's batteries 
the assistants have been often severely affected; and in addition 
to this, the production of great power is necessarily accompa- 
nied by a speedy consumption of the materials of the battery, 
and consequently an increased expense. 

In the use of the platinum battery of Grove, the nuisance 
produced by the evolution of nitrous vapour is sometimes 
mitigated by enclosing the cells in a box, from the lid of which 
a tube proceeds which conducts these vapours out of the room. 

Although each of the simple combinations described above 
would produce an electric current, which, being transmitted 
upon a conducting wire, would be attended with effects suffi- 
ciently distinct to manifest its presence, such a current would be 
too feeble in its intensity to serve the purposes of a telegraphic 
line ; and as no other simple voltaic combination yet discovered 
would give to a current the necessary intensity, the object has 
been attained by placing in connection a series of sudi com- 
binations, in such a manner that the currents produced by each 
of them being ^ausmitted in the same direction, on the same 
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oonductiiig wire, a current haying an intensity due to such 
combination may be obtained. 

To each of these forms of battery may be assigned its special 
use — The Daniel's, Wollaston's, and Davy's for telegraphs ; 
Bonsen's for electro-plating, or where a large volume of elec- 
tricity of low tension is required ; and Grove's and Smee's in 
eaq>e(rimental researches when the most speedy and energetic 
electric action is needed, such as in the production of the 
electric light, deflagration of metals, ignition of gunpowder for 
mining purposes, &c* 
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TS. Zine coa^g applied to iroa wire to prevent TOst. — 79. Injnrioiu 
efiecta of Bmake in towoa. — 80. Beftsona for inaalattciii. — SI. Be«t 
msteri&l and foim of iiiBalator for OTer-gronnd. wires. — 82. Cbonuiter 
of posts need foi sapporting the wires. — S3. Various iiuulatDiB in nee, 
invented by Messrs. Cooke and Wbeatstone, Clark, Bright, &c — SI. 
French insnlatora. — 86. Aineiicsn insolaitaiB.^ 86. Gerznan insn- 
lation.— 87. Walker's, Bregnet's, and Bright'a lightning prot«otor«, 

or paratoneiTos 88. L«sdiiig wires into staUons.^ — 89. Cnder-groDnd 

wires in utreels. — 90. Gntta-percba inaulatioD, — 81. Cause of ita 
&ilnre when exposed to air.— 92. Wires over gtieets and roads.— 91t. 
Fhenomena of subtornmeanandinlxnaiiae wires. — 94. Long stretchea 
of aerial wires. — 95. Contrivances employed in Indisn telegraphs. — 
96. Messrs. Bright'a method of ascertaining the position of &nlto from 
a distant Btation. 

78. Havinq explained, generally, the maimer in w^iich &a 
electric current is product and maintained, I shall now pro- 
ceed fa> explain the various expedients by which it is conducted 
boat station to station, along the telegraphic line, and by 
which iujnnoua waste by leakage or dxaina^ is prevented or 
dimii/Jshedt 
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The oonductiiig wires used for telegraphic lines are of iron, 
usually the sixth of an inch in diameter. On all European 
lines Ihey are submitted to a process called galvanisation, being 
passed through a bath of liquid zinc, by which they become 
ooatedwith that metal. This zinc surface being easily oxydable, 
is soon, by the action of air and moisture, converted into the 
oxyde of zinc, which, being insoluble by water, remains upon 
the wire, and protects the iron from all corrosion. 

"When a great length of wire is to be stretched between two 
distant {)oints without intermediate support, steel wire is often 
preferred to iron, in consequence of its greater strength and 
tenacity. 

Copper being a better conductor of electricity than iron, as 
well as being less susceptible of oxydation, would on these 
aooounts be more eligible for telegraphic purposes. Its higher 
price, and the possibility of compensation for the inferior con- 
ducting power of irpn, by using larger wire or greater battery 
power, has rendered it preferable to use that metal. Besides 
this, the copper wire, if suspended in any considerable length, 
stretches, while the iron does not, from its far greater rigidity. 

79. When galvanised iron wires pass through large towns 
where great quantities of coal are burnt, the sulphureous acid 
gas resulting from such combustion acting upon the oxyde of 
zinc which coats the conducting wire, converts it into a sulphate 
of zinc, which being soluble in water, is immediately dissolved 
by rain, leaving the iron unprotected. The wire consequently 
soon rusts, and is corroded. In some cases the telegraph wires 
are reduced by this cause to the thinness of a common sewing 
needle in a few years. As a partial protection against corrosion, 
the wires in towns are frequently painted. 

The wires used on the American lines are of iron, similar to 
the European, but are not galvanised. They soon become 
coated with their own oxide, A pair of galvanised wires have 
been placed between New York and Boston, and I have been 
informed by Mr. Shaffiier, the secretary of the American Tele- 
graph Confederation, that at certain times during the winter, it 
has been found that they were unable to work the telegraph 
with these wires, while its operation with the wires not galva- 
nised, was uninterrupted. Mr. Sha&er also states that several 
anomalous circumstances have been manifested upon some 
extensive lines of wire erected on the vast prairies of Missouri. 
Thus, in the months of July and August, it is found that the 
telegraph cannot be worked from two to six in the afternoon, 
being the hottest hours of the day. These circumstances are 
ascribed to some unexplained atmospheric effects. 
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The manner in which the conducting wires are carried from 
station to station is well known. Every railway traveller is 
familiar with the lines of wire extending along the side of the 
railways, which, when numerous, have been not unaptly com- 
pared to the series of lines on which the notes of music are written, 
and which are the metallic wires on which invisible messages 
are flying continually with a speed that surpasses imagination. 
These are suspended on posts, erected at intervals of about 
sixty yards, being at the rate of thirty to a mile. They there- 
fore supply incidentally a convenient means by which a pas- 
senger can ascertain the speed of the train in which he travels. 
If he count the number of telegraph posts which pass his eye in 
two minutes, that number will express in nulea per hour the 
speed of the train. 

80. Since the current of electricity which flows along the 
wire has always a tendency to pass by the shortest route pos- 
sible to the ground, it is evident that the supports of the wires 
upon these posts ought to possess, in the highest attainable 
degree, the property of insulation ; for even though the entire 
stream of electrical fluid might not make its escape at any one 
support, yet if a little escaped at one and a little at another, the 
current would, in a long line, be soon so drained that what 
would remain would be insufficient to produce those effects on 
which the efficiency of the telegraph depends. Great precau- 
tions have therefore been taken, and much scientific ingenuity 
has been expended in contriving supports which shall possess, 
in the highest attainable degree, the property of insulation. 

81. To each of these posts or poles are attached as many in- 
verted cups, or other forms of support, in porcelain or glass, as 
there are wires to be supported. Each wire passes through a 
tube, or is supported on an inverted cup ; the material of which 
being among the most perfect of the class of non-conducting 
substances, the escape of the electricity at the point of contact 
is impeded. 

Notwithstanding various precautions of this kind, a con- 
siderable escape of electricity still takes place in wet weather. 
The coat of moisture which collects on the wire, its support, 
and the post, being a conductor, carries away more or less of 
the fluid. Consequently, more powerful batteries are necessary 
to give effect to the telegraph in wet than in dry weather. 

In England, and on the Continent, the material hitherto used 
for the support of the wires is principally a sort of earthen or 
stone ware. In the United States it is generally glass. 

The forms of these insulating supports are various. The 
penthouae or roof-ahapo has been usually preferred as preser- 
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Ting a dry chaimel between the wire and the post. The material 

used most commonly in England, a sort of brown stoneware^ 

lias the adyantage, besides 

being a good insulator, of 

throwing off wet, as water 

£alls £rom a duck's wing, 

leaving the surface dry. A 

pitcher of this ware, plunged 

in water, scarcely retains 

any moisture upon it. 

82. The posts vary gene- 
rally from 15 to 30 feet in 
height, the lowest wire being 
about ten feet above the 
ground, except in cases where 
greater height is required to 
allow vehicles to pass under 
it, as when the wires cross a 
common road, or pass from 
one side of the railway to the 
other. Thex>oles are about 
6 inches square at the top, 

and increase to 8 indies at the bottom. In some cases they 
are impregnated with certain diemical solutions, to preserve 
them from rotting, and are generally painted, the parts which 



Fig. 31. 






are in the ground being charred and tarred. The manner of 
treatment, however, varies in different countries. 
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83. In figs. 30 and 31 are represented different forms of 
supports used in England. To cross-pieces of wood, A a', 

Fig. 32. 




Fig. 33. 



bolted upon the post (fig. 30), are attached balls, h, of stoneware, 
as described above, in which grooves or slits are formed to 

receive and support the 
wires. These supports 
are protected firom rain 
and from the deposi- 
tion of dew by hoods 
of zinc-coated iron 
placed over them. 
Glass being so much 
better an insulator, 
balls of that material 
are recently being sub- 
stituted for the stone- 
ware. This mode of 
insulation was devised 
by Mr. Clark. 

Another form of 
support, sheltered by 
a sort of sloping roof, 
is represented in fig. 
31. On the front of 
the post is a wooden 
arm to which a series 
of stoneware rings are 
attached, through which the wires pass. These rings have the 
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Fig. 34. 



foim of two truncated cones placed with their larger bases in 
contact. This form was the one first adopted by Messrs. Cooke 
and Wheatstone, but has now been given up. 

It is usual, where the wires are numerous, as on some 
of the lines near London, to attach these supports both to the 
front and back of the post. Sometimes as many as thirty, or 
even more, insulators, each bearing a wire, are attached to a 
single telegraph post. 

Apparatus for tightening the wires, as shown at fig. 32, were 
formerly attached to the posts at every half-mile, but are not 
now resorted to, the wire being bound to each insulator so 
that it cannot run out. 

An improved system of insulation invented by Sir Charles 
Bright, is shown at fig. 33. The insulators are composed of 
glass or porcelain, 
somewhat in the 
Ibrm of an um- 
brella, with a slot 
at the top to hold 
the wire, which is 
fastened to each 
insulator by a turn 
of thin wire passed 
zound its head. The 
arms on the post 
are increased in 
length upwards ; 
so that in case an 
upper wire becomes 
accidentally broken and falls, it clears the wires below, and 
does not impede working by coming into contact with 
fhem. 

At points where dose curves throw a strain upon the insu- 
lators. Sir Charles Bright has contrived a traversing insulator, 
given in fig. 34, which is so arranged as to adapt itself to 
any angle the wire has to assume. A bolt passes through the 
post, holds upon a hinge two iron arms, a a, each of which 
passes through the centre or stem of a double shed insulator 
of porcelain or glass. The line wire is fastened round the 
outside of the stem, between the sheds, so that loss of electricity 
is guarded against both above and below the wire. The hinge 
allows the insulator to traverse in any direction required, and 
the bolt is so fixed in the post that its line of direction 
bisects the angle of strain. This form of insulator has 
been generally adopted in this country and- abroad, wherever 
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long stretches of wire are reqnirod, ae i& ccOBsmg the streets of 

tovna, &c. 

Fig. 3d shovB a porceltun insulator which has been sub'- 

_,, stdtuted ia many places for the insula- 

tion described in figs. 30 and 31. In 

a case the iron bolt of the insulator fits 

I into the socket of an iron bracket screwed 

} the post. The slot in the t«p of the por- 

I celain cup is so curved as to give the wire 

a slight bend, and check it from mnning 

Dut in case of breakage. 

Another still more recent plan is given in 

fig. 36, where two oupe of earthenware are 

I fitted one within the otber, so that in case of 

I leakage through one the other may be 

sound. 

It was found that, in manufacturing earthenware or poroelain 
by the otdinary process of turning or moulding, the material 
was always more or lesa porous when the 
glazing deteriorated; and to obviaf« this 
iSi. Jobson, of Dudley, introduced a me&od 
of compressing the porcelain in moulds by 
I a, powerful hydraulic maohine, which has 
proved a great advantBge. It is customary 
to test eadi insulator during the process <^ 
manu&ctore, by soaking the cups in acidu- 
lated water for some da3rs, and then applying 
a strong electrical power to ascertain if tiiere 
is the slightest leakage apparent. The iron 
bolts of the insulators are usuaUy galvanised, 
to prevent rusting, and are sometimea co- 
vered with vulcanised india-mbt>er or other 
insulating material, to lessen the chance <^ 
leakage between the wire and bolt. Tnl- 
oanised india-rubber, or etwnite, has also 
been moulded into the cup or invert form, 
and used as an insulator for overground 
[b found to become partially porous after being up a 
year or two, 

84. In France the posts are from twenty to thirty feet high, 
placed at distances varying from sixty to seventy yards asunder, 
and sunk to a depth of from three to seven feet in the ground. 
They are impregnated with sulphate of copper to preserve them 
from rotting by damp. 

The conducting wire rests in an iron hook, which is iastened 
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Figs. 37, 38. 




by snlplmr into the highest part of the cavity of an inverted 

bell, formed of porcelain, from 
which two ears project, which 
are screwed to the post. 

A section of this apparatus is 
given in fig. 37, and a side view 
in fig. 38, the figures being one- 
fifth of the actual magnitude. 

The winding posts are placed 
at distances of a kilometre (six- 
tenths of a mile). The apparatus used for tightening the wiro 
consists of two drums or rollers, each carrying on its axis a 
ratchet wheel with a catch. These drums are mounted on 
iron forks formed at the ends of an iron bar, which is passed 
through an opening in a porcelain support, and secured in 
its position by pins, the porcelain support being attached to 
the i)ost by screws passing through ears projecting from it. 
A front view of this winding apparatus is given, fig. 39 ; a 

Fig. 39. 




Fig. 40. 



fdde view of the porcelain support, showing the opening through 
which the iron bar is passed, and the screws by which it is 
attached to the post, is given in fig. 40. These figures are 
one-fifth of the real magnitude of the apparatus. 

The conducting wires used in France are similar to those 
used on the English lines. 

85. The insulating supports of the 
wires used on the American lines are 
very various in form. 

The supports upon the principal 
Morse lines consist of a glass knob, 
fig. 41, upon which two pro- 
^^^^' jecting rings are raised in 
the groove between which 
the wire is wrapped. This 
glass knob is attached to an 
iron shank as represented in 
fig. 42, which is driven into the post* 





e4 



THE ELECTEIC TELEGRAPH. 



Fig. 42. 



Fig. 43. 





Another form of support used on these lines is represented in 
fig. 43, which consists of two rectan-^ 
gular blocks of glass, in each of which 

is a semi-cylindrical 
groove corresponding 
with the thickness of 
the conducting wire, 
so that the wire being 
laid in the groove of 

one of them and the other being laid upon it, 
will be completely enclosed within the block of glass pro- 
duced by their imion. , These blocks of glass are surrounded 
and protected by a larger block of wood, as represented in 
the figure, where the white part represents the glass, and the 
shaded part the wood. . 
Such a form of insulation as this would be quite insufficient 

upon circuits exceeding 20 
Fig. 44. a or 30 miles in length, and 

^^^ was probably an expedient 
adopted in the early days 
of telegraphy, before the 
principles of such work were 
understood. 

The supports are some- 
times attached to the sides 
of the posts, and sometimes 
placed upon a horizontal 
cross bar, as represented in 
fig. 44. 

The supports used in 
House's Hnes consist of a 
glass cap about five inches 
in length and four inches 
in diameter, having a coarse screw-like surface cut inside 
and out. This glass cap (2) fig. 45, is screwed and cemented 
into a bell-shaped iron cap (1) from three to four pounds 
in weight, projecting an inch below the lower edge of the 
glass, protecting it from being broken; this is fitted with 
much care to the top of the pole (3), and is covered with 
paint or varnish. The conducting wire is fastened to the top 
of the cap by projecting iron points, and the whole of the 
iron cap is thus in the circuit, as the wire is of iron, and 
not insulated. To prevent the deposit of moisture, the 
glass is covered by a varnish of 'gum-lac dissolved in alco- 
ItoJ, and the idng-like form of the glass is to cause 
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tlie edge, and there 

Fig. 46. 




L over the inaulatuig 



anjr moistoie 
dropoff. 

86. One of the forms of insulating 
soppoit used on the German lines is 
n^Hreeented in fig. 4eA, and consiHts of 
an inenlflting cap placed on the taper- 
ing end of a post T. The post termi- 
nates in a point e, an inch and a half in 
langttt and about six lines in diameter ; 
'Qua pole is covered with a porcelain cap 
d d, a scat of reversed cnp ; on its sum- 
mit e there is a hole inlaid with lead, 
in which the conducting wire b b enters ; 
this inanlator is then covered with a roof. 

In localitieB where the insnlators are 
exposed to the chance of injury, either 
from atono-throwing (a favourite amuae- 
mant of lads in many districts), or other 
oausee, an iron or teak cover is fitted o 
cap of porcelain or glaaa. 

It may be asked what prevents 
ths escape of the electric fluid &om 
tb» sort^ of the wire between post 
and postP In general, when vires are 
used on a smaller scale for the trans- 
miBaxax of electric currente, the escape 
<rf the fluid is prevented by wrapping 
titem with silk or cotton thread, which 
thus forma a non-conducting cover 
npon them, bat on the scale on which 
they are need on telegraphic lines the 
fxfeime of this, independently of the 
difficulty of protecting such covering 
from destruction by weather, would 
rendw it inadmissible. 

The atmosphere, when dry, is a good non-condnctor ; but 
Ulis quality is impaired when it is moist. In ordinary weather, 
however, the air being a sufficiently good non-conductor, a 
metallic wire wiU, without any other insulating envelope except 
tile air itself, conduct the stream of electricity to the necessary 
distances. It is true that a coated wire, such as we have 
dMciibed, would be subject to less waeta of the electric fluid en 
route ; but it is more economical to provide batteries sufficiently 
powerfol to bear this waste, than to cover such extensive lengths 
of wire with any envelope. 
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87. Atmospheric electricity haying been found to be occasion- 
ally attracted to the wires, and to pass along them, so as to 
disturb the indications of the telegraphic instruments, and 
sometimes even to be attended with no inconsiderable danger 
to those employed in working the apparatus ; various expedients 
have been contrived for removing the inconvenience and averting 
the danger. The current produced by this atmospheric elec- 
tricity is often so intense as to render some of the finer wires 
used in certain parts of the apparatus at the stations, red hot, 
and sometimes even to fuse them. It also produces very inju- 
rious effects by demagnetising the needles, or imparting perma-* 
nent magnetism to certain bars of iron included in the apparatus, 
which thus become unfit to use. 

One of the expedients used for the prevention of these in- 
convenient and injurious effects is to place common lightning 
conductors on the posts. The points of these are shown upon 
the posts in figs. 30 and 31. 

Mr, Walker, of the South-Eastem Company, and M* 
Breguet, of Paris, have each invented an instrument for thQ 
better protection of telegraphic stations from atmospheric electric 
discharges. Both these contrivances have been found in prac- 
tice to be efficacious, and though differing altogether in form 
they are similar in principle. In both, a much finer wire than 
any which lies in the regular route of the current is interposed 
between the line wire and the station, so that an intense and 
dangerous atmospheric current must first pass this fine wire 
before reaching the station. Now it is the property of such a 
current to raise the temperature of the conductor over which it 
passes to a higher and higher point in proportion to the resist- 
ance which such conductor offers to its passage. But the re- 
sistance offered by the wire is greater in the same proportion as 
its section is smaller. The safety wire interposed in these con- 
trivances is, therefore, of such tlunness that it must be ftised by 
a current of dangerous intensity. The wire being thus destroyed, 
all electric communication wilJi the station is cut off, and the 
extent of the inconvenience is the temporary suspension of the 
business of the line until the breach has been repaired. 

To obviate the inconvenience arising from the interruption of 
commimication by the fusing of the thin wire in the ordinary 
form of lightning protectors, an apparatus was invented some 
time since by Sir Charles Bright and the writer, in which the 
fact that any intense form of electricity, such as lightning, will 
pass with ease through rarefied air, is turned to account. This 
instrument is shown in fig. 46b, where a is a small air-tight 
chamber of glass or other suitable material; h, a metal terminal 
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plate connected with the line wire outside the telegraph instrd- 
ment ; and c, a metal plate connected to the earth. The air 
within the box is sufficiently exhausted, by means of an air- 
pump, to allow lightning to pass freely, and thus, when joined 
to a line of telegraph, this apparatus acts as a safety-yalye ; not 
interfering with tiie ordinary electricity used in working the 
wires, but affording an easy channel to earth for lightning. 

£bq>edients are used on the American lines to divert the 
atmospheric electricity from the wires, consisting merely of a 
number of fine points projecting from a piece of metal connected 
with the earth by a rod of metal. These points are presented to 
a metal plate, or other surfsice, attached to the line wire at the 
place where it enters the station. It is found that these points 
attract the atmospheric electricity, which passes to the ground 
by the conductor connected with them, but do not attract the 
electricity of the battery current. 

88. The wires extended from post to post are continued in 





Fig. 46b. — Blight's rarefied air lightning protector. 

a. Glass chamber, firom which the air has been partially exhausted* 

h. Metallic discharger from line wire. 

c. Metallic base of protector, connected with the earth. 

passing the successive stations of the line. The expedients by 
which the current is turned aside from the main wire, and made 
to pass through the telegraphic office of the station, differ more or 
less in their details on different lines and in different countrieSf 
but are founded on the same general principles. It will there- 
fore be sufficient here to describe one of those commonly used on 
the British lines. 
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Tkd ocmduoting wire of the main line in pasaing the station is 
cut and the ends jointod hj a shackle, aa lepreaented in fig. 31, 
in the case of a winding-post. !liiis shackle breaking the 
metallic continuity would stop the contae of the onirent. A wire 
is attached to tlie line wire below the shackle so as to raceiva 
the oorient which the latter would stop, and ie carried on insa- 
lating supports into the telegraphic ofBoe, and put in connection 
with the telegraphic instnimeiLt. Another wire connected wiUi 
the oth^ side of the instrument leoeivea the current on leaving 
it, and being carried back on inHulating snpporta to the line 
wire, is attadted to the latter above the shackle, and so biings 
back the current, which continues its progreae along the line 
wire. 

A vary effective form of shackle, the invention of Sir 0. 
Bright, hasbeen used fbrmanyyearson the English lines. It is 
showTi in fig. 47. The line wire is attached on each side to the 
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hooka a a', which are insulated &om the iron &ame-work and 
&om each other by the doable porcelain cups b V. The con- 
necting wires are then led into the station from each end of tiio 
line wire. 

69. Although the mode of carrying the conducting wires at a 
oerttun elevation on supports above the ground haa been the 
most general mode of construction adopted on telegraphic lines, 
it has been found in certain localities subject to diffioultieB and 
inconvenience, and some projectors have considered that in all 
cases it would be more advisable to carry the conducting wires 
underground. 

This underground system has been adopted in the streets of 
London and of some other large towns, ' 

The wires ware at first wrapped with cotton thread, and 
coated with a mixture of tar, reein, and grease ; bat this waa 
found a very defective expedient, and upon the introduction of 
gatta-percha, feain and ita concomitants were at onoe dispensed 
with. 

The wires are carried in iron pipes under the foot pavranents, 
along the mdes of the streets, and ue thus conducted to the 
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terminal statioiis of tho vftriouB railways, where they are nnited 
to the lines of wite supported on posts along the sides of the 
railways, already described. 

FrDVifiionB, called testing potts, are made at intfirrals of & 
quarter of a mile along Ute streets, by which any failnre or 
accidental irregularity in the buried wires can be ascertained, 
and the place of each defect always known within a quarter c^ 

Some of file wires of the British and Irish Magnetio Tel^ 
graph Company were at first laid and protected in Gis following 
manner. 

Ten conducting wires are euTeloped in a covering of gutta- 
percha, so as to be completely separated one from another. 
THaiB prepared, they are depofdt«d in a square creosoted wooden 
ttoi^|h, measuring three inches in the side, bo (hat nearly a 
square inch of its cross section is allowed for each of the wires. 
Una troagh is deposited on the bottom of a trench cut two feet 
deep along the side of the common coach road. A galTanised 
iron lid, of about an eighth of an inch thick, is then fastened on 
by clamps or nnaU tentei-hooks, and the trench filled in. 

A section of the trough in its actual size is given in fig. 48. 



Fig. 4S.— GalvasUed Iron Ltd, No. 11, Blrmliighmiii Wire Gaage. 




UrocpBoled Deal Troughlng 

The method of laying the wiiea in the atrwta adopted, b^ tibia 
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company is a little different. In this case iron pipes are laid, 
but they are split longitudinally. The under halyes are laid 
down in the trench, and the gutta-percha-covered wires being 
deposited, the upper halyes of the pipes are laid on and secured 
in their places by means of screws through flanges left outside 
for the purpose. 

To deposit the rope of gutta-percha-coyered wires in the 
trough, it is first coiled upon a large drum, which being rolled 
along slowly and uniformly oyer the trench, the irope of wires is 
payed off easily and eyenly into its bed. 

So well has this method of laying the wires succeeded, that 
in Liyerpool the entire distance along the streets, from Tithe- 
bam Bailway Station to the Telegraph Company's offices in 
Exchange Slareet East, was laid in eleven hours ; and in Man- 
chester the line of streets, from the Salford Bailway Station to 
Dude Street, Exchange, was laid in twenty-two hours. This 
was the entire time occupied in opening the trenches, laying 
down the telegraph wires, refilling the trenches, and relaying 
the payement. 

90. In passing through tunnels the oyerground wires were 
subject to great inconvenience, owing to the quantity of water 
percolating through the roof, constantly falling on the wires 
and their supports, and thus injuring their insulation. It has 
been found that &om this cause the current transmitted along 
one wire has been subject to leakages, a part of it passing by 
the moisture which surrounds the supports to an adjacent wire, 
so that being thus divided, part either returns to the station from 
which it has been transmitted, or goes on to a station for which 
it is not intended. 

This inconvenience has been removed by adopting for tun- 
nels the underground system. Mr. Walker, to whom great 
experience in the practical business of electric telegraphy, and 
considerable scientific knowledge, must give much authority on 
such a subject, at first adopted (apparently with very favourable 
results) a method of covering the wires, which pass through 
tunnels, with a coating of gutta-percha. The conducting wire 
thus treated was copper wire No. 16. The gum being well 
cleaned and macerated by steam, is put upon the wire by 
means of grooved rollers. Since this plan was first tried great 
improvements have taken place in the manufacture of gutta- 
percha-covered wire ; and under the superintendence for many 
years of the late Mr. Statham, and subsequently of Mr. Ohat- 
terton, vast quantities of wire so insulated have been provided 
for submarine cables, under-ground lines, and tunnels. The 
StiUa-percha, after being thoroughly macerated and cleansed 
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by seyeral processes, is placed in a warm and plastic condition 
idthin a cylinder. The wire to be covered is drawn through 
a small drcular opening, or die, in front of the cylinder, l^e 
pressure of a piston upon the gutta-percha in the cylinder 
fbroes it out with the wire in the centre. After being cooled in 
a tank of water, a second coating of gutta-percha is applied in a 
similar manner ; and for important submarine lines as many as 
five coatings have been added to one another, to prevent the 
possibility of leakage of electricity through one or more of 
them. Between 1851 and 1854 considerable lengths of gutta- 
percha-covered wire were laid underground, both in England 
and Prussia, along the roads on some of the principal routes of 
the telegraph lines. The gutta-percha was, however, found to 
decay after a few years, and this plan of telegraph has been 
given up for long lines, overground wires being substituted. 

91. Contact with air desiccates the gum, after a time, by 
absorbing its essential oil ; the gutta-percha thus becomes to a 
oertain extent porous and spongy, and no longer affords a suffi- 
€imt insulation for the electricity. In some cases microscopic 
fdngi are developed on the decaying material. 

Water, however^ and contact with vegetable tar, are found to 
act as preservatives ; and in submarine cables, laid even fifteen 
years ago, the gutta-percha surrounding the wires is found to 
be as fresh and sound as when the cables were first manu- 
fiustured. 

92. In France and in the United States the wires, even in 
the cities and towns, are conducted on rollers at an elevation, 
as on other parts of the lines. In Paris, for example, the tele- 
graphic wires proceediag from the several railway stations are 
carried round the external boulevards and along l^e quays, the 
rollers being attached either to posts or to the walls of houses 
or buildings, and are thus carried to the central station at the 
Ministry of the Interior. 

In Europe, the telegraphic wires have until very lately 
invariably followed the course of railways ; and this circum- 
stance has led some to conclude that, but for the railways, the 
electric telegraph would be an unprofitable project. 

This is, however, a mistake. Independently of the case of 
the Magnetic Telegraph Company already mentioned, the wires 
in the United States, where a much greater extent of electric 
telegraph has been erected and brought into operation than in 
Europe, do not follow the course of the railways. They are 
fxmducted, generally, along the sides of the common coach- 
loads, and sometimes even through tracts of country where no 
roads have been made* 
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It has been contended in Europe that the wires would not be 
safe unless placed -within the railway fences. The reply to this 
is, that they are found to be safe in the United States, where 
there is a much less efficient police, even in the neighbourhood 
of towns, and in most places no police at all. It may be 
observed, that the same apprehensions of the destructiye pro«' 
pensities of the people haye been advanced upon first proposing 
most of the great improvements which have signalised the pre- 
sent age. Thus, when railways were projected, it was objected 
that mischievous individuals would be continuaUy tearing up 
the rails, and throwing obstructions on the road, which would 
render travelling so dangerous that the system would become 
impracticable. 

When gas-lighting was proposed, it was objected that evil- 
disposed persons would be constanUy cutting or breaking the 
pipes, and thus throwing whole towns into darkness. 

Experience, nevertheless, has proved these apprehensions 
groundless ; and certainly the result of the operations on the 
electric telegraph in the United States goes to establish the 
total inutility of confining the course of the wires to railways. 
Those who have been practically conversant with the system 
both in Europe and in America, go farther, and even maintain 
that the telegraph is subject to less inconvenience, that acci- 
dental defects are more easily made good, and that an efficient 
superintendence is more easily insured on common roads, accord- 
ing to the American system, than on railways. 

These reasons, combined with the urgent necessity of extend- 
ing the Electric Telegraph to places where railways have neither 
been constructed nor contemplated, have led to the general de- 
parture of the telegraphic wires from the lines of railway in 
various parts of the continent. In France, particularly, almost 
all the recently-constructed telegraphic network is spread over 
districts not intersected by railways, and even where railways 
prevail, the wires are often, by preference, carried along the 
common road. 

93. After underground and submarine wires had been con- 
structed and laid upon a considerable scale, the attention of 
Dr. Faraday was called by some of the parties engaged in their 
management to peculiar phenomena which had been manifested 
in the telegraphic operations made upon the lines thus laid. 
After experiments had been made upon a large scale with lines 
of subaqueous and subterranean wires, extending to distances 
varying from 100 to 1,500 miles, it was found that the electricity 
supplied by the voltaic battery to the covered wire was in great 
quantity arrested there, by the attraction of electricity of an 
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oppoflite kind evolyed £rom the water or earth in which the 
wire is sunk; the attraction acting through the gutta-percha 
ooyeiing exactly in the same manner as that in which the 
electriGity developed by a common electric machine, and de- 
posited on the inside metallic coating of an electric jar, acts 
through the glass upon the natural electricity of the external 
coating, or of the earth in connection with it. The two opposite 
electricities on the inside- and outside of the coating of the wire 
by their mutual action neutralise each other, and under certain 
circumstances a person placing his hands in metallic connection 
with both sides of such coating, may ascertain the presence of 
a large charge of such neutralised fluid, by receiving the shock 
which it will give like that of a charged Leyden jar. 

The only defect complained of in the underground wires is 
that which proceeds from accidental failures of complete insula- 
tion, produced by defects in the gutta-percha or other coating 
which allow moisture to penetrate in wet weather and to reach 
the conducting wire, or it may arise from accidental fracture 
of the wire. In any such cases the flow of the current to its 
destination is interrupted, and the telegraph conveys no signal. 

94. Although as a general rule the overground lines of tele- 
graphic wire are sustained by supports at intervals of about 
sixty yards, many exceptional cases are presented in which 
they are extended between supports at much greater distances 
asunder. In London, and nearly every large town, great 
stretches of wires may be seen crossing tiie streets diagonally 
between posts several hundreds of yards apart, and in some 
cases broad rivers, like the Thames, are spanned by the aerial 
conductors. 

Surprising examples of long lines of wires without inter- 
mediate support, are presented on the telegraphic line passing 
north and south through Piedmont, between Turin and Gbnoa. 
There, according to a report published in the *' Piedmontese 
G^azette," in the course of the line passing through the district 
intersected by the chain of the Bochetta, the engineer, M. 
Bonelli, had the boldness to carry the wires from summit to 
summit aross extensive valleys and ravines, at immense heights 
above the level of the ground. In many cases the distance 
between these summits amounted to more ^lan half a mile, and 
in some to nearly three-quarters of a nule. In passing through 
towns, this line is carried underground, emerging &om which 
it is again stretched through the air from crest to crest of the 
Maritime Apennines, after which it flnaUy sinks into the earth, 
passing through^GFenoa under the streets, and terminating in the 
Ducal palace. 
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It is stated that the insulation of the wires on this picturesque 
line has been so perfect, notwithstanding the adverse circmn- 
stances of its locality, that although it was constantly at work 
day and night during the first winter, no failure of transmission 
or extraordinary delay ever occurred. 

95. On the introduction of the electric telegraph in India, 
Dr. O'Shaughnessy of the East India Company's medical depart- 
ment, in constructing an experimental line through a distance 
of 80 miles from Calcutta, used, instead of wires, iron rods, 
being the only obtainable materials. These were fastened 
together and supported on bamboos. 

By experiments thus made, he found that the wires employed 
in Europe would be quite inadequate to the Indian telegraph. 
In England, where the lines are carried along railways, and 
where ther« are no living obstacles to contend with, the thin 
iron wire, No. 8 or 10 gauge, answers its purpose well; but 
no sooner were the rods mounted on their bamboo supports in 
India than flocks of that largest of all birds, the adjutant, found 
the rods convenient perches, and groups of monkeys congre- 
gated upon them; showing clearly enough that the ordinary 
wire would be insufficient to bear the strains to which these 
telegraphic lines would be subjected. It was found also that 
not only must the wire be stronger, but that it must be more 
elevated, to allow loaded elephants, which march about regard- 
less of roads or telegraphic lines, to pass underneath. 

The telegraphic communication thus practically effected, 
is subjected to attacks to which the telegraphs in this 
country are but little exposed. Storms of lightning destroyed 
the galvanometer coils, and hurricanes laid prostrate the 
posts. 

One of the peculiar characteristics of the railway lines in- 
tended for India, as contrasted with the English lines, is the 
greater distance between the posts, which are higher and stronger 
than those generally used. The thick wire is raised to a height 
of fourteen feet, on posts nearly the eighth part of a mile apart* 
To obtain the necessary strength to bear the strain, the posts 
are fixed with screw piles. To show the strength of the wires, 
thus extended, a rope was, for experiment, hung to the centre 
of the wire of largest span, and a soldier climbed up it, the 
weight of his body producing but a slight curvature. The 
common deflection arising from the weight of a wire of a fur- 
long span does not exceed eighteen inches. 

The plan adopted for joining the lengths of the thick galva- 
nised wire is to have the two ends turned, so as to link into one 
another, which, are then introduced into a mould, like a bullet- 
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ZQOiild, and an ingot of zinc being cast oyer them, they form a 
jDOtSb substantial joint, and perfect metallic connection. At 
first it was assumed by the constructors of the Indian telegraphs 
that, from the general dryness of the climate and thickness of 
the wire, on long single lines of wire, insulators could be dis- 
pensed with; but after ten years of wretchedly bad working on 
Tery short circuits, an improved system was adopted, and a 
better kind of insulation applied to some of the lines. At the 
piesent time, however, the internal Indian telegraph is still one 
of the most insufficient existing. 

96. One of the objections against the underground system of 
conducting wires, was, that while thoy offered no certain gua- 
rantee against the accidental occurrence of faulty points where 
their insulation might be rendered imperfect, and where, there- 
fone, the current would escape to the earth, they rendered the 
detection of such faulty points extremely difficult. To ascer- 
tain their position required a tedious process of trial to be made 
from one testing post to another, oyer an indefinite extent of 
the line. 

A remedy for this serious inconvenience, and a ready and 
oertain metiiod of ascertaining the exact place of such points of 
fiuilt without leaving the chief, or other station at which the 
agent may happen to be, has been invented and patented by the 
Messrs. Bright of the Magnetic Telegraph Company. 

Instruments called G^vanometers, which will be more folly 
described hereafter, are constructed, by which the relative in- 
tensity of electric currents is measured by their effect in deflect- 
ing a magnetic needle from its position of rest. The currents 
which most deflect the needle have the greatest strength, and 
currents which equally deflect it have equal strength. 

Electricity always selects the shortest and easiest route to pass 
by, A thin wire offers more resistance than a thick wire of the 
same metal, exactly in the ratio of the sectional area of one to 
the other. Thus a yard of very thin copper wire will offer fifty 
times as much resistance to the current as a yard of copper 
wire fifby times its sectional area and weight; therefore one 
yard of tiie thin wire will be an electrical measure of fifty yard» 
of the thicker wire, and so on. 

The method of Messrs. Bright is founded upon this property 
of curroDts. A fine wire, wrapped with silk or cotton so as to 
insulate it and prevent the lateral escape of the current, is rolled 
upon a bobbin like a spool of cotton used for needlework. A 
considerable length of fine wire is thus comprised in a very 
small bulk. 

The wire on such a bobbin being connected by one end with 



76 



THE ELECTRIC TELEGRAPH. 



the wire conductdng a CTirrent, and by the other end with the 
earth, will transmit the current with a certain intensity depend- 
ing on its length, its thickness, and, in fine, on the conducting 
power of the metal of which it is made. 

Now, let us suppose that a certain length of the far larger 
wire of the telegraphic line be taken, which will pass a current 
with the same ease. A galyanometer placed in each circuit will 
then be equally deflected. But if the length of the line wire 
be less or greater than the exact equivalent length, its galva- 
nometer T7iU be more or less deflected by it than the other is by 
the bobbin wire, according as its length is less or greater. 

It is, thei*efore, always possible by trial to ascertain the 
length of line wire, which will give the current as ready a pas- 
sage as that which it has upon any proposed bobbin wire. 

Bobbins may therefore be evidently made carrying greater or 
less lengths of wire, equivalent to various lengths of Ime wire. 

Suppose then a series of bobbins provided, which in this sense 
represent various lengths of line wire from 100 feet to 300 miles, 
and let means be provided of placing them in metallic connec- 
tion in convenient cases. 

Such an apparatus is the Messrs. Bright's method of detecting 
the points of fault, patented by them in 1852. Shown in fig. 49. 

Let B be the station battery, G a galvanometer upon the line 
wire, F the point of fault at which the current escapes to the 




Fij?. 49. 
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earth, in consequence of an accidental defect of 
the insulation. Let a wire be attached to the 
line wire of the station, at o, and let it be con- 
nected with the first of a series of bobbins such 
as are described above; let a galvanometer, 
similar to G, be placed upon it at g'. Let a 
metallic arm A c, turning on the point A, be so 
placed that its extremity o shall move over the 

iSeries of bobbins, and that by moving it upon 
- - j^ the centre A, the end o may be placed in con- 

■^ nection with the wire of any bobbin of the 

series. Let A be connected by a conducting 
wire with the earth at e', the negative pole of the battery B 
being connected with the earth at E. 

The apparatus being thus arranged, let us suppose that the 

wire A is placed in connection with the first bobbin, repre- 

sentdng 10 nules of the line wire, and that the distance G F of 
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the point of &,iLLt is 145 miles. In that case the battery current 
-win be divided at o, between the two wires o a and o g', but 
the chief part will flow by the shortest and easiest route, and 
the galyanometer a will be very much, and G very little, de- 
flected. This will show that F must be very much more than 
10 miles from the station. The arm A o will then be turned sue- 
oessiyely from bobbin to bobbin. When directed to the second 
bobbin, the current on o g' will haye the same intensity as if it 
flowed on 20 miles of line wire, when turned to the third the same 
as if it flowed on 30 nules of line wire, and so on. The needle 
of g' will, therefore, continue to be more deflected than that of 
o, although the difference will be less and less, as the number 
of bobbins brought into the circuit is increased. When the 
bobbins included represent 140 miles, g' will be a little more, 
and when they represent 150 miles ii\ will be a little less de- 
flected than G, from which it will be inferred that the point of 
fault lies between the 140th and the 150th mile from the station. 
A closer approximation may then be made by the introduction 
of shorter bobbins, and this process may be continued untiL the 
place of the £Eiult has been discovered with all the accuracy 
necessary for practical purposes. 

In testing, only one magnetic needle is used, practicaUy ; the 
two wires from o leading to the defective conductor and to the 
resistance bobbins (or coils) respectively, are wound on a gal- 
vanometer coil in opposite directions, so as to throw the needle 
over in whichever direction the most electricity passes. 

Modifications of this apparatus are also employed to show the 
position of any contact between wires interrupting signals. 

This method has been of the greatest practical use in ascer- 
taining the position of faults in the cables to Holland and else- 
where; and in September, 1858, after the Atiantic cable, be- 
tween Ireland and Newfoundland, so successfully laid in the 
previous month, began to give signs of impaired insulation, this 
system was adopted to discover the distance of the fault. The 
method is now in general use, especiaUy in connection with 
submarine cables. 




Fig. EiO. — ApparatuB emplayed In laying eulj 

CHAPTER VI. 

SDBMAEDJB TELBQEAPHY. 

97. Dorer and Calua experimental cable, 1850, and Baccessfal cable of 
1S5I.~9S. Liet of cables,— SB. Dover and Calais.— 100. Holfhead 
and Hmrth.— 101. Dover and Oetend.— 102. Portpatrick aod Don- 

aghadee. — 103. OrfordneES and Hague. — ^lOi. Speiiia and Corsiea 

lOS. Prince Edward's Island.- 106. Danish.- 107. Newfoandland 
and Cape BretOD.—I08. Spain and Balearic Islands. — 109. Sed Sea 
and India. — 110. Malta and Aleiandria. — 111. Dniability of snb- 
marine cablea, — 112. Precanlions neceisary in laying cables. 

87. SxJBMAEiifE Teleoeapey fomiH a natural sequence to 
iihe miccesB attained in insulating anderground wires and short 
river and dock crossings. When experience had shown that 
neither contact with earth nor water affected the transmission 
of electricity when the conducting wires were properly pro- 
tect«d, the possibility of opening up telegraphic communication 
across channels and seas became evident. 

The first important project of thia kind was the connection of 
the coasts of England and France by a submarine cable, depo- 
sited in the bed of the Channel between Dotci and Calais. A 
concession being obtained from the French goTeroment on 
certain ccmditions, a single conductii^ wiro, invested with a 
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thick coating of gutta-percha, was siink by means of leaden 
weights across the Channel, and the extremities being pnt into 
connection with telegraphic instruments, messages were trans- 
mitted £rom coast to coast. One of the conditions of the French 
concession being that this should be effected before September, 
1850, this object was attained, but nothing more ; for the frail 
rope was either broken by fishermen, or the action of the waves 
near the shore constantly rubbing the rope against the rocky 
bottom, soon wore off the insulating envelope and rendered the 
cable useless. 

The exjwriment so satisfactorily resolved the doubts which 
liad been entertained as to the possibility of sufficiently insu- 
lating a wire for any considerable length imder water, that it 
was inmiediately determined to resort to means for the effectual 
protection of the conducting wires jfrom the effects of all the 
vicissitudes to which they would be exposed. The construction 
of the present Dover and Calais cable was accordingly com- 
menced at Millwall, shortly after the failure of the experimental 
line. The principle resorted to, suggested by Mr. Kiiper, was 
simply that of a colliery rope, the outside iron wires being laid 
spiraUy around the gutta-percha covered conducting wires, 
instead of over the usual hemp core; by this means great 
strength was combined with an armour protection for the insu- 
lated wires within. As a proof of the value of the design, every 
subsequent cable that has proved a permanent success has been 
formed upon the plan of this Dover and Calais rope. Im- 
provements have been introduced into the details of many 
cables, but the principle of spiral wire covering is always more 
or less adhered to. The cable was coiled on board H.M.S. 
"Blazer" in September, 1851, and successfully laid under the 
direction of Messrs. Crampton and Wollaston, the engineers of 
the Submarine Telegraph Company, an association formed 
Tinder the auspices of Mr. J. W. Brett and Sir James Carmi- 
chael, to carry into effect this enterprise, perhaps the most 
important inauguration of a new servant of mankind which the 
world has seen during the present century. 

Notwithstanding the enormous traffic up and down Channel, 
this cable has been seldom injured during upwards of fifteen 
years' service, and has been easily repaired on each occasion. 
It is 'now (January, 1867) in a perfect state of insulation as 
regards the whole of its four conducting wires. 

98. The success attending the Dover and Calais cable led to 
the execution of further works of the kind, to connect up 
England with Ireland, Belgium, Holland, Hanover, and Den- 
mark, and subsequently for the Mediterranean and other seas 
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and dutimels. la all, there have 
been no leas than Beventy-four im- 
portant cables constructed in this 
country alone, besides many minor 
lengths foT river crossiiige. 

^Hiese cables have been princi- 
pally constructed by Messrs. Glass, 
Elliot, and Co., of Oreenwich, 
Messrs. £. 8. Newall, and Co., of 
Gateshead, and W. T. Henley, of 
North Woolwich. The inner wires 
were inanlated at the Gutta Fercha 
Company's Works in the CityEoad, 
under the direction df the late Mr. 
Stathajn and Mr. Chatterton. The 
works of the Gutta Fercha Com- 
pany have been recently combined 
with those of Messrs. Glass, Elliot, 
and Co., under the title of the 
Telegraph Construction and Main- 
tenance Co., by whom the Atlantic 
Cables of 1865 and 1866 were made 
and successfully completed last 
year between Ireland and New- 
foundland. 

The preceding table (pp. 80 and 
SI) shows at a glance the progress 
which has been made in submarine 
telegraphy to the present time, 
January, 1867. 

99. In the Dover and Calais 
cable, which was the first fabri- 
cated and laid, each of the four 
copper wires is sortounded by 
gatta-percha, which in fig. 52 is in- 
dicated by the light aha^g round 
the bla^k central spot, representing 
the section of the copper wire. 
The fbnr wires thus prepared were 
then enveloped in the general mass 
of prepared spun yam, represented 
by the darker shading. The ten 
galvanised iron wires were then 
twisted around the whole, so as to 
form a complete and close armotu. 
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Hg. w. The external form and appearance ?ig. si. 
of thia hellcat coating is represented 
in fig. 51. 

This cable, which was completed 
in three weeks, meaaured originally 
24 nules in length. Owing to the 
manner in whidi it was laid down, 
the machinei? being naturally 
crude inde»gn, and the cable handa 
unaccustomed to their work, it was 
fonnd insufficient to estead from 
coast to coast, although the direct 
distance is only 21 nules. It was 
therefore found necessary to manu- 
facture an additional mile of cable, 
which being spliced on to the part 
laid, the whole was completed, and 
the electric communication between 
Dover and Calais definitively estab- 
lished on the nth October, 1831. 

The cost of the cable itself was 
9000i., being at the rate of 360i. 
per mile. 

100. An attempt, which proved a 
failure, was then made to connect 
Holyhead on the Welsh with Howth 
on the Irish coast. While several 
companies which had been formed 
for the purpose, were occupied ii 
raising the capital neceBsary for this 
projeot, they were surprised by the 

# announcement that the project was 
already on the point of being 
realised by Messrs. Nowall and Co. , 
on their own account. 
Fifl- M ^^ distance between the pcnnts 

Bi^boid and to be connected being 60 miles, the HolV^^ud 
nJ^^I?^,* cable was made with a length of 10 oS^-, 

DMt> BM part 1 ., 1 1 u SbOTB ends. 

additional miles, to meet centtngen- 
raes. In this cable, which enclosed only one conducting wire, 
ttie external wires enclosing the insulating rope were made 
thicker at the parts near the sborea than for that which lies in 
deep water, the former being snhject to much greater distorb- 
ing forcee. A aide view of the part immersed in deep water is 
given in fig. €3, and a crosa-eectioii in &g. fA. ksARi-TiK^ ■^ 
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the shore ends is given in fig, 55, and a cross section in fig. 56, 
all being in their full size. 

The gutta-percha rope was fabricated by the Giitta Percha 
Company, London, jfrom whence it was sent to Gateshead, where 
it received the iron wire envelope at the works of Messrs. Newall 
and CJo., in the short space of four weeks. Loaded on twenty 
waggons, it was next sent by railway across England to Mary- 
port, where it was embarked on board the Britannia, and trans- 
ported to Holyhead. On the 1st June, 1852, it was laid in the 
bed of the chajmel. 

The depth of water is 60 fathoms, being more than twice that 
of Dover. 

The entire process of laying it down was completed in 18 
hours. Jja. another hour the cable was brought ashore, and put 
in connection with the telegraphic wires between Howth and 
Dublin, and immediately afterwards London and Dublin were 
connected by means of instantaneous communication. 

This cable was lighter considerably then that between Dover 
and Calais, its weight being a little less than one ton per mile, 
and consequently its total weight did not exceed 80 tons ; while 
the Dover and Calais cable weighing 7 tons per nule, its total 
weight was 180 tons. 

From some cause this cable, after being worked for three days, 
became imperfect. Its strength was wholly miscalculated for 
the Lish (Siannel, where the tides are strong, bottom irregular, 
much anchorage, and frequent trawling. None but the heaviest 
class of cables have been found to answer in such situations, 
but this attempt must be regarded in the light of an experiment. 

On the 9th October, 1852, Messrs. Newall and Co. at- 
tempted to lay a cable across the narrowest part of the Lish 
Channel between Portpatrick and Donaghadee for the Magnetic 
JCelegraph Co. This cable contained six conducting wires 
similar to fig. 57. The distance across is the same as between 
Dover and Calais, viz., 21 nules, and 25 nules of cable were 
placed on board the Britannia steamer. The process of sub- 
mersion was carried on untiL 16 miles had; been successfully 
laid down, when a sudden gale came on, which rendered it im- 
possible to steer the vessel in the proper course, and Mr. Newall 
was reluctantly compelled to cut the cable, when within 7 miles of 
the Ldsh coast, and having 9 miles of cable remaining on board. 

The whole of this 16 imles of cable was recovered in June, 

1854, after being nearly two years submerged. This proved an 

arduous undertaking. The depth of water in this part of the 

Lish channel is 150 fathoms, or 900 feet, and &om this depth 

^e cable was dragged by means of a powerful apparatus worked 
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by a steam engine placed on tie 
deck of a steamer. The epetation 
occnpied four day^, for from the 
great force of the tide, which runs 
at the rate of 6 mjlea an hour, it 
waa found impoBsihle to work except 
at the times of high and low water. 
The cable was also imbedded in 
sand, BO that the strain required to 
drag it up was occasionally very 
great. The cable was in perfect 
order when recovered. 

101. The next great enterprise of 
this kind was the deposition, by 
the Submarine Telegraph Company, 
in the bed of the Channel, of a Uke 
cable connecting the coaste of 
England and Belgium, measuring 
TO miles. This coUossal rope ot 
metal and gatta-percha was also 
constructed by Messrs. Newall. 

The extension of these estra- 
ordinaiy media of aoci^, commer- 
cial, and political communication 
between countries separated by 
arms of the sea, may be conceiTed, 
when it is stated that during the 
psst 16 years no lees than 19,923 
miles of mibmarine cable have been 
made and laid beneath the sea. 

The cable laid between Dover 
and Calais includes, as already 
stated, four conducting wires. That 
between Dover and Oatend contains 
ax wires insulated by the double 
covering of gutta-percha, manu- 
fiustored, under Mr. 8. Statham'e 
directions, by the Outta Feroha 
Company. The gutta-percha laid 
into a rope is served with prepared 
spun-yam, and covered with twelve 
thick iron wires, of a united 
strength equal to a strain of 40 to 
50 funs — more tban the proof strain 
of the chain cable of a first rate 
man-of-war. 





Fig. GS.—Dover Bud CMeod. 
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A side Tiew and section of this cable in its natural size are 
given in figs. 67.and 58. 

The Belgian cable weighed 7 tons per mile, so that its 
total weight was about 500 tons. Its cost was 33,0007. It 
took 100 days to make it, 70 hours to coil it into the vessel 
from which it was let down into the sea, and 18 hours to sub- 
merge it. 

The cable was stowed away in the hold in an oblong coil of 
considerable length. 

On the morning of the Wednesday, the 4th May, 1853, the 
screw steamer William Hutt, Capt. Palmer, freighted with the 
cable, being anchored oS Dover, near St. Margaret's, South 
Foreland, the process of laying the cable was commenced. 
This vessel was attended and aided by H.M.S. Lizard, Capt. 
Rickets, R.N., and H.M.S. Vivid, Capt. Smithett. Capt. 
Washington, R.N., was appointed, on the part of the Admiralty, 
to mark out the line and direct the expedition. 

At dawn of day about 200 yards of the cable were given out 
from the HvU, and were extended by small boats to the 
shore, where the extremity was deposited in a cave at the foot 
of the cliff; There telegraphic instruments were provided,iby 
means of which, through the cable itself, a constant commu- 
nication with the vessel was maintained, corresponding tele- 
graphic instruments being placed on board the ffutt, 

Tlie arrangements adopted for paying out these strong cables 
in shallow water are shown in fig. 50 ; the cable as it came up 
from the hold, being passed several times round a large brake- 
wheel, by means of which the cable was kept from going out too 
fast, and its motion maintained so as to be equal to the progress 
of tiie vessel. Men are represented in the figure applying the 
brake to the wheel. 

On arriving off Middlekerke, on the Belgian coast, a boat sent 
from shore took jfrom 500 to 700 yards of the cable on board, 
for the purpose of landing it. The boats of the British vessels 
taking her in tow, the end of the cable was safely landed, and 
deposited in a gudrd-house of the Custom House, where the 
telegraphic instruments brought in the Hutt being erected, 
and the communications made, the following despatch was 
transmitted direct to London : — 

Union of Belgium and England, twenty minutes before one, p,m, 
6th May, 1853. 

102. The next submarine cable laid in May 1853 was that of 
the Magnetic Telegraph Company, connecting Donaghadee with 
Portpatrick, also manufactured by Messrs. Newall and Co. 

Thist cable, which contains six conducting wires, is repre- 
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sented im its proper size in fige. 
59, 60, and corresponds in 
weiglit and foim to the Be^;ian 
cable. Bnt in the details of its 



Bome imptOTementa were intro- 
duced. This rope wae manu- 
footored in 24 days, and cost 
about 13,000f. 

The cable laid down in 1854 
by the British Telegraph Com- 
pany between the same points, 
is precisely sinular to this. 

103. Orfordness, on the Suf- 
folk coast, was subsequently 
connected with the Hague, l^ 
four separate submarine cables, 
each containing a single wire. 
Near the shore on each side 
Hiese were brought together 
and twisted into a heary 
cable, aa represented in figs. 
61, 62. 

The distance from Oifoidnesa 
to the Hague being 120 miles, 
Qte cables were made 13S miles 
in lengdi. They were laid down 
separately at a little distance 
one from another. At 3J miles 
from the shore they were 
brought together. It has been 
found, however, that these se- 
parate light cables are sub- 
ject to frequent injury frvm 
anchorage, and the Electric 
Company to which they be- 
longed replaced them in August, 
1858, by a much stronger com- 
pound cable, made and laid for 
them by Mesrs. Glass, EUiot, 
and Co., — weight, 9 tons por 

104. Following the submersion 
of the submarine lines enume- 
rated, a heavy cable containing Yig, 
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six wires was 
saoceBsfaUy laid 
in the Uediter- 
laneou in June, 
185i, by Mr. 
Biett, from 
Spezzia, in Pied- 
mont, to the 
northern coast 
of the IslEind of 
Corsica, a dis- 
tance of 100 
miles. The ca- 
ble waa one ei- 
I Pilar to that 
lepi^sented in 
figs. 57, 58. 

In this expe- 
dition &r greater 
depths of -water 
had to bo passed 
over than had 
previoTidy been 
attempted with 
submarine ca- ■ 
blea, the sound- 
ings at some 
points indicating 
460 fetboms, or 
upwards of half 
a statute mile 
between the 
BOt&ce of the 
water and the 
bottom. 

During the 
process of sub- 
mersion, and 
after it was be- 
lieved that the 
deepest sound- 
ings had been 
safely sur- 
mounts, the 
cable slipped 



Fig. «£— Oi«irdiisrauid the Hagua.' 
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upon the sm&ceof the 
breBk'dram used to 
check it, and flav out 
from the vessel with 
great Telocity, cutting 
the bolwarks in its 



of tibe cable 

had been stopped, it 
wae found that a, por- 
tion of the length 
Trhich had sorged over 
the drum was so 
squeezed uid flattened , 
that its electrical con- 
dition was defective. 
With some difBculty 
the injnred part was 
drawn bock into the 
vessel and tepfuied, 
after which the re- 
mainder was ' safely 
laid. A short piece of 
cable was extended at 
the same time between 
Corsica and Sardinia. 

This line has con- 
tinued in successful 
leits 



I ing a section of the 
1 telegraphic communi- 
] cation established be- 
y tween France and ber 
leessions in Algeria, 
1 between this 
mtcy and Malta and 
I Corfu. 

Two attempts were 
made bj Ifr. Brett in 
the two following years 
to connect CagUari on 
) the south coast of Sar- 
dinia with Cape Bona 
1 Algeria, but fiuled 
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from the lengtli of c&ble on board 
follmg Bliort in eacli case. Soimd- 
mgs of nearly two miles depth had 
to be passed oyer, owing to which 
it appears that one, if not both, of 
these cables payed out occasionally 
too qnickly. In the latter attempt - 
the cable was safely sabmei^ed to 
within a dozen miles of the African 
coast adistanceof 135 miles, when 
it fell short. A message was sent 
through the cable to Qreenwich fttr 
an additional^ length, and the vessel 
held on by the cable for five days, 
until it parted at last in 900 fathoms, 
owmg to friction on tile bottom. 
This cable weighed foni tons per 
mile and shortly after starting with 
it, a slip took place on the paying- 
out dram, and the cable broke, 
bat the end was recovered again 
after undei-ranning it for eighteen 

105. The short submarine cable 
laid down between Prince Edward's 
Island, and the coast of Nova Scotia 
(figs 63, 64), is part of a more ex- 
tended submarine line connecting 
Newfoundland with Canada. The 
other sections make up a total 
length of 140 nules. The Legis- 
latiTe bodies of Newfoundland, 
Nova Scotia, and Uaiue, have 
granted ezclusiTe privileges to die 
company that carries out these ex- 
tensions, including a considerable 
grantofland. Theee privileges have 
been subsequently combined with 
the Atlantic Telegraph undertalc- 
ing, which is now worked in 
connection with these lines from 
Newfoundland to Portland, in 

106. The Danish submarine cable 
figs. 6S, 66, is carried across Uie 
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Great Belt from Nylrarg to Korsoe, the nearest 
pcnat of the oppomte coast of Zealand. 

The cable laid across the Znyder Zee is shown 
in its proper aize in figs. 67, 68. 

SabaqneonB cables have been laid across 
eereral of the American rivers. The difficnltios 
siqipoBed to attend the deposition and preeorra- 
tion of these conductors appeared te telegraphic 
mgineers and piqjectors ao formidable, that the 
vires vere at tiret carried across the rivei^ be- 
tween the enminife of lofty moats erocted on 
their banks. This method, however, was found 
to be attended with such eSbcta as to render the 
maintenance of the vire impracticable. The 
masts were blown down by the violent storms 
and tornadoes incidental to the climate, and 
were not unfrequently destroyed by lightning. 

The project of depositing the conducting wires 
in the bottom of tho river was then resorted to, 
and has been carried into effect in several cases. 

107. The cable between Cape Breton and NeW' 
fbondland, a distance of 74 miles, was manufac- 
toted and laid by Ueesrs. Glass, Elliot, and Co., 
during the summer of 1856. A" improveraont 
was introdnced in the condnctor of this cable, 
which consists of seven email copper wires 
twisted together into a strand, with the view to 
prevent any flaw in a copper wire at any point 
stoi^ing the conductivity of the rest. This 
«able, figs. 69, TO, formed part of the line of 
communication between England and the United 
States, during the temporary working of the 
Atlantic Cable in Aagnst and September, 1858. 

At the end of 1657 light single wire cables, 
protected by an ezt«mal casing of small iron 
irires, were laid by Messrs. New^ for the iUedi- 
ferraneau Extension Telegraph Company, be- 
tween Sardinia, Malta, and Corfu, and were 
followed by a line to the Channel Islands from 
Weymouth. 

Cables to Emden, in Qonover (280 miles), and 
to Heligoland, and thence to Tonning, in Den- 
mark (360 miles], were snccessfally submerged 
in. October, 1856, and July, 1659, iwpectdvely, 
fbr Uie Submarine Telegraph Company, by 
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Messrs. Glass, Elliot and Co., from Weybonme, in Norfolk, where 
the wires are connected to the land lines of the Magnetic Com- 
pany. The HanOTerian contains two conducting wires, and 
weighs three tons per mile ; the Duueh tiiree wires, and weighs 
three and a-half tons per mile. 

These cables have, however, proved too %ht for the com- 
paratively shallow water in which they- are laid for a consider- 
able distance, and have been frequently injured by anchors and 
by fishermen when trawling, 

The telegraphic intercommunication increased 
BO rapidly between France and England, that in 
1S59 an additional cable of great strength, con- 
taining six wires, was laid between Folkeet«ne 
and Boulogne, by Meesra. Glass and Elliot, for 
the Submarine Telegraph Company ; and again 
in 1861 another cable, also containing six wires, 
was laid for the same company between Beachy 
Head and Dieppe. 

108. Other countries are vieing with England 
in carrying out eubmaime works. In 1860 tbe 
Spanish Government arranged with Sir Charles 

1 1 j Bright and Mr. Henley to open up correspond- 
'' ' ' ence by telegraph with Fort Uahon, and connect 

the Islands of M^orca, Minorca, and Iviza with 
the mainland hoQi at Barcelona and St. An- 
tonio. These cables were auccessfuUy submei^ed 
in very great depths — that between Barcelona 
ajid Fort Mahon being 1400 fathoms, or more 
than a mile and a-balf. 

A cable 240 miles long, containing a single 
conductor, has been laid by Mr. Henley between 
Tasmania and Australia, to put the Van 
Diemenites en nij^mrt with their fellow colo- 

109. 3500 miles of light single wire cable were 
^d in sections, ia 1659 and the beginning of 

, . 1860, between Suez, Aden, and Kurraohee, by 

/ 1 Messrs. Newall, for the Bed Sea and India Tele- 

graph Company ; but the various sections broke 
down before they could be opened throughout for 
public use. Tins great fulure is ascribed to 
■ the cable being much too fragile ia constrao- 

tion, and laid far too taut over an uneven 
Hie want of slack to fill Tip the inequalities, and the 
ot the line, made it give way shortly after being laid. 
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and prevented this, the best telegraphic route to India, from 
"being brought into use. This cable is shown in fig. 71. 

110. In 1861 a cable was laid for Goyemment between Malta 
and Alexandria, by Messrs. Glass and Elliot. The distance is 1535 
miles, and the line touches at two points on the AMcan coast, 
which are used when necessary as transmitting and repeating 
stations. This cable has continued to work most satisfactorily, 
and a very large business has been developed between Egypt 
and various places in England and Europe, to which this line 
gives access. It was originally intended by Government to 
form a connection between {Ealmouth and Gibraltar, and was 
made upon a specification recommended by Sir Charles Bright 
to Government in a report to Sir StaflEord Northcote, in 1859. 

111. The history of submarine telegraphy has been one of fre- 
quent success, but also of frequent failure, arising either from 
imperfect insulation, cables ill-adapted for the work, or laid 
too taut over uneven bottoms, or else through the paying-out 
machinery being inadequate for the requirements of the work. 
These points are better understood now, and permanent success 
takes the place of disaster. 

Some eminent scientific authorities express doubts as to 
the durability of the submarine cables. In the case of the 
Dover and Calais cable it has been observed that the bottom of 
tihe Channel at that part of the strait is proved by the soundings 
to be subject to undulations, so considerable that the summits 
of some of its elevated points rise to such a height that the 
water which covers them is not deep enough to secure them 
£x)m the effects of the tumultuous agitation of the surface in 
violent storms. It is here well to remind the reader that the 
agitation of the ocean, which seems so awful in great tempests, 
lias been found to extend to a very limited depth, below which 
the waters are in a state of the most profound repose. The ob- 
jection we now advert to is, therefore, founded upon the suppo- 
sition that the crests of some of the elevations upon which the 
submarine cable rests are so raised as to be within that limit 
of depth, and it is feared that, such being the case, the violence 
of the water in great tempests may so move the cable against 
the ground on which it is deposited with a motion to and fro, as 
to wear away by frequent friction its metallic armour, and thus 
expose the conducting wires within it to the contact of the 
water, and destroy their insulation. 

But it has been most satisfactorily proved by a part of the 
experimental wire which was laid down between Dover and 
Calais, in 1850, and which was picked up two years afterwards 
in as perfect a state as when laid down, that the action oi ^<^ 
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waves does not affect the bottom of the Channel there. The 
greatest depth is 30 fathoms, and the bottom shelves regularly 
from Dover to near Cape Grinez, where there is a ledge of 
rocks rising suddenly &om the bottom. 

It has been also feared that, notwithstanding the effect of the 
galvanisation of the suriiace of the surrounding wires, the cor- 
rosive action of the sea water may in time destroy them ; and it 
has been suggested that some better expedient for protection 
against this effect might be contrived upon the principle sug- 
gested by Davy, for the preservation of the copper slweathing of 
ships, by investing the cable at certain intervals with a thick 
coating or glove of zinc, which would increase the efficiency of 
the thinner coating of that metal given to it in the process of 
galvanisation. 

To this practical men who have had as much experience as is 
compatible with the recent date of these novel and extraordinary 
enterprises, reply that the results of their observations give no 
ground for apprehension of any injurious effects from tidal or 
tempestuous action, and that the fine iron used in the wire is 
not affected by sea-water, as larger masses of coarser iron, such 
as anchors, are. They cite as proof of this, the slightly decayed 
state in which nails and small fire-arms have been found when 
recovered from vessels long sunk. They further state that the 
tar contained in the layer of hemp within the protecting wires 
acts as a preservative, whether the wires be galvanised or not. 
It has been found for example that, in the case of the sub- 
marine conductor between Donaghadee and Portpatrick, a per- 
fect concrete of tar and sand was formed, upon which masses of 
shell-fish attached themselves at all parts that are not buried in 
sand, and in a few years a calcareous deposit was formed around 
it, which cemented it to the bottom, and altogether intercepted 
the action of the sea water. 

112. In the deposition of submarine cables great care should 
be taken to select suitable points on the shore for beaching 
them. Sandy places are always to be sought. If this precau- 
tion be taken, it is affirmed tiiat they are not subject to tidal 
action in shallow water. A cable was partly laid for the Mag* 
netic Telegraph Company in 1852 near Portpatrick (100), but 
abandoned in consequence of the vessel employed to deposit 
it being exposed in the process to a violent storm. The wire 
was left exposed upon the beach down to and beyond low water 
mark, and was in June, 1854, still in a perfect state, the galva- 
nised iron wires, even to their zinc coating, being absolutely in 
the same state as when they were deposited. 

It 23 contended by practical men that the great and only 
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risk of failure in the submarine cables is from defects produced 
in the process of their deposition, or &om original fiEkults in the 
principle of their construction.' 

The greatest care is necessary in conducting the process of 
delivering out the cable into the sea, or "paying it out," as it 
is technically called. All sudden bending of the cable is to be 
especially avoided. " Kinks " or " hitches " were apt to occur 
in the process, by which the gutta-percha covered wires within 
the cable become strained. Some of the early cables are found, 
when repairs are made at various points, to have had many 
serious kinks during laying ; but by the apparatus now used in 
the holds of vessels paying out cables, such injuries are guarded 
against. 

It is said that the Belgian cable has been subject to some 
imperfection arising from the position of the wires within the 
case. The sixth wire being in the axis of the cable, surrounded 
by the other five, it was found that when the outer casing of the 
protecting wires was laid around it, the pressure on the centre 
wire rendered it imperfect, while the five surrounding it suf- 
fered to some extent. 

Similar Refects are said to exist in other cables constructed 
upon the same principle. 

A hempen case well tarred in the centre is considered to form 
the best safeguard for the gutta-percha covered wires in the 
process of making the cable, since it will yield to any compres- 
sion itself without affecting injuriously the wire. It is alse 
found desirable to give the outer wires a wrapping of hemp 
saturated with a compound of pitch and tar, or other preserva- 
tive material, to prevent rusting. 

The results shown by the tables on pages 80 and 81, may be 
thus summed up : — 

The total length of submarine cables (exclusive of short 
lengths for river crossings) laid during the 16^ years between 
Jime, 1850, and the end of 1866, amounted to 19,923 miles of 
cable, containing 25,653 miles of ^conducting wire — ^many being^ 
multiple, with tibiree, four, or six conductors. 

Of this vast length, no less than 9,303 miles of cable, or 
nearly one-half of the whole, and comprising 10,146 miles of 
conducting wire, have failed,, and been abandoned. The Atlan- 
tic cable of 1858, and the Bed Sea and India line of 1859-60,. 
contributed 5,709 miles of this loss between them. 

The entire capital that has been invested, up to the present 
time, in making and laying the 74 submarine cables enimie- 
rated, amounts to about 5,500,000if. ; of which 23 cables,, 
representing 2,200,000?., have been lost. ThQ ^s^ ik^^^3sc&k^ 
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cable and the Bed Sea line made up l,2d0,000if. of this disastrous 
total. 

If the list be referred to, it will be seen that the costly expe- 
rience thus purchased has been derived &om the fiEiilure of a 
series of very light and weak cables ; insufficient either in 
strength or insulation for the positions in which they were 
placed, or the work required of them. 

On the other hand, the strong well-protected cables all last; 
and their comparative durability, as contrasted with their 
&ailer brethren cords, may be estimated £rom the faxst that, 
without any exception, all the strongly-armoured ropes ex- 
ceeding four tons weight per mile are still working, including 
no less than nine laid between 1851 and the end of 1854 ; while 
every light cable laid up to 1859 has already given way. 




Fig. !£.— hh mdo-sii 



CHAPTER Tir. 

THE TELBQRAPH TO INDIA. 

lis. Fulnn of Om Ked S» line laid in 1860-1860, and garrej of th« 
Peraian Qnlf. — 114. Description of improved cable designed by Sir C. 
Bright and Ur. L. Otatk, — 115. Seaidiing tesU applied to the gntta- 
peiclu irire and jointa by accnmnlatioD. — 116. Frotection of iron 
■heathing byjarn and a »ilic» compOBition. — 117. Laying the cabls ; 
diffionltiea xormonnted — 118. Bad working of the land fines in oon- 
nection -witk the cable.— 119. Proposed eiteniion to China and 
Anstralia. 

113. The crowning aohievementa of telegrapty may fairly bo 
said to consist in the connection of Qreat Britain on the one 
hand yiiiii Iier ■vast Indiaji Empire, and on the other with the 
American continent. 

33ie latter, and greftteet, work vill be reeerved for the two next 
chaptere, conduding the present record of submarine enterprise. 

Political, apart from commercial, necessity rendered it im- 
perative that the gOTemmente in England and India should be 
bronght within the shortest possible period of communication 
with one another. It was felt, especially after the Indian 
mutiny, that in this era of the telegraph the coontries could 
never be allowed to be separated by thirty days of postal service, 
when by the agency of tiie wires but & &v Iuitoik iisk&. ?kx{^iis& 
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them. Had electric commtmication existed at the time of the 
outbreak, it would have been quelled fer more speedily, and 
priceless lives saved; if, indeed, the knowledge among the 
Sepoys of the existence of this speedy means of summoning aid 
had not wholly or partially sufficed to deter them from their 
rising. 

With the view of establishing this communication. Govern- 
ment warmly supported and subsidised a company formed in 
1858, to lay cables along the Bed Sea and the southern shores 
of Arabia, between Suez, Aden, and Kurrachee. The fedlure of 
the attempt to establish the telegraph by this route will be 
fresh in the memory of all who have paid attention to the pro- 
gress of the electric lines. Sheathed with a covering of ex- 
tremely slight wires quite unprotected from corrosion, the 
various sections of cable were laid by Messrs. Newall with, 
apparently, little or no allowance for slack, and consequently 
so taut as to hang from point to point along the coral reefs and 
inequalities of the bottom. No sufficient care seems to have 
been exercised even in the selection of the route along the Bed 
Sea ; and consequently the cable gave way, and became defec- 
tive at various points within a few weeks of the laying of each 
section; thus the line, after costing about 800,000?. was never 
available throughout. 

Baffled in their object of effecting communication by this line, 
and discouraged by the heavy annual loss under the guarantee 
given upon the capital, our government deferred for a few years 
further movement in the matter. While the Bed Sea line was 
in course of construction, the Turkish Government were busily 
engaged in erecting their telegraph from Constantinople across 
Asia Minor to Diarbekr, and thence by Mosul, the ancient 
Nineveh, to Bagdad. This line, and its extension to the Persian 
Gulf, had been urged for a long time by her Majesty's Govern- 
ment, who appreciated the importance of two distinct telegraphs 
to India. Upon the Bagdad wire being finished the late Colonel 
Patrick Stewart, B.E., was requested by the Tndian Govern- 
ment, in 1861, to survey the coast of the Persian Gulf for an 
overground telegraph along its shores, to connect the Indian 
and Turkish telegraphs. Mr. Latimer Clark, C.E., at the 
same time made a careful examination as to the state of the 
cable between Suez, Aden, and KxBrachee. 

The result of Mr. Clark's investigation showed the impossi- 
bility of restoring the Bed Sea and Arabian line, and Colonel 
Stewart reported against the reliability of a land line along the 
coast of the gulf. 

114. Special soundings were made along the Persian Gulf, and 
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the bottom being fSavonrable for a cable, Government resolved to 
lay one of great strength and durability, to be constructed upon 
a plan designed by Sir Charles Bright and Mr. Clark, and 
appointed them engineers to the work. 

The total length of cable required was 1450 miles, weighing 
no less than 5028 tons, forming by far the heaviest length ever 
carried by a submarine telegraph expedition. The following 
description of the manufacture of the cable will give an idea of 
the improvements introduced. We will first deal with the core. 
The copper conducting wire weighed 225 lbs. per mile, and was 
built up of four segmental bars put within a hollow tube about 
12 feet long and an inch in diameter, and the whole rolled and 
drawn down together into a wire of the requisite size, appa- 
rently solid, though in reality multiple iu' construction, and 
consisting of five distinct pieces. By this device the mechanical 
benefits of a strand wire were combined with the smaU surface 
and electrical advantages of a solid one, which admits of a 
higher speed of conveying messages than the stranded form of 
conductor. This is shown in fig. 73. 

The copper selected to form the conductor, so built up, was 
specially tested and chosen for its high 
capacity of conducting electricity. The 
importance of this will be recognised, as 
it is proved that samples of copper some- 
times vary in conductivity as much as 40 
or 50 per cent, from one another; that 
is, some specimens will carry electricity 
with as great facility as others of double 
the thickness, though physically there 
may be nothing to show the difference. Pig. 73.— Diagram of built- 

la testing the conductivity, the resist- ^'^l'^^^^'^ 
ance of the copper was determined by 
means of a Wheatstone's electrical balance. The standard being 
pure galvano-plastio copper at 100, the lowest conductivity of 
any of the copper to be passed was fixed at 76, and an extra 
price being paid for copper of a still better electrical quality, the 
mean conductivity of the copper employed was actually 89*14. 
In many of the older submarine cables laid before this point 
had received attention, the conductivity was even as low as 30 
to 40. 

The wire thus prepared and built up was then covered by the 
Ghitta-Percha Company with four separate coatings of selected 
gutta-percha, having alternate layers of Mr. Chatterton's viscid 
compound between each coating and next the wire, so as to insure 
thorough adhesion, and the total exclusion of oi'c est ^tar^ ^^os^^^ 
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suHStore between them. Tlie weight of g^tta-pen^ applied 
was 2Tfi lbs. to the nautical mQa. 

115. ToensnretlielugheetperiectitmiuthBJoiiitsoftliBTaiioas 




Fig. 74.— JoInC tasUng b; auciunuUtion. 

lengths of gutta-percha covered wire used, a plan of testing 
was adopted at the Buggeetion of Mr. Clark, wliich will be 
readily imderatood by reference t« fig. 74. 

A gutta-percha trough, about 18 inches long and 1 foot deep, 
contiuniDg water, is insulated from the ground by four legs of 
Tulcanised india>rubber, or preferably, by sospending it from 
the ceiling by gutta-percha cords. The joint under examina- 
tion is immersed in the water, and a battery of high tension (a) 
is oonnectod to the copper conductLog wire for five minutes. 
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and all the electricity that escapes through the immersed joint 
during this time, passes into the insulated tank of water. To 
increase the capacity of the tank for storing up electricity, it is 
connected with an electrical condenser (b), consisting of a great 
number of talc plates, coated on both sides with tinfoil, and 
haying the same electro-static capacity as one mile of the cable. 
The escaping electricity accimiidates in the condenser for the 
^yen time, and is then suddenly discharged through a delicate, 
suspended needle galyanometer (c), and the number of degrees 
of the deflection famishes an exact measure of the quantity 
of electricity passed through the insulator at the joint. In 
testing the joints of the Persian Ghilf cable by this system, 
eyery joint was rejected and cut out whenever it gaye less 
residence than 40 feet of the core. Newly-made joints were 
found, almost inyariably, to test perfectly ; and it was only 
after, at least, twenty-four hours' immersion that a reliable 
test could be taken. 

The joints made in the insulating material during mazitt- 
facture, and in the finished core, haye always been the subject 
of considerable anxiety to those engaged in the supervision of 
submarine telegraphs. It is essential for eyery atom of the 
wire submerged to be thoroughly protected, and althougk flie 
loss on a single joint may be so small as hardly to a^ect tfte 
tests obtained upon a considerable length, yet dearly«>boug^t 
experience has shown, that the slightest defect may contain 
within it the seeds of a serious fiEiult hereafter. The advantage 
of this system of testing will be apparent £N>m the fact, that no 
less than thirty defective joints were rejected and replaced. 

Throughout the manufacture of this cable the most searching 
tests were applied to the gutta-percha coyering, and its wonte" 
fal excellence is shown from the fact, that the loss by leakage 
does not exceed one hundred millionth part of the current of 
•electricity passing along the connecting wire in every nautical 
jnile. This was a degree of insulation wholly unprecedented. 

The outer sheath was put upon the core at Mr. Henley's 
fectory , North Woolwich. A wet hemp serving was first wrapped 
round the gutta-percha wire, and 12 iron wires then laid oyer 
in the usual way, the hemp being moistened with the view of 
rendering any fault in the gutta-percha conspicuous to the 
oontinuous electrical tests maintained. 

116. Two layers of yam were then wound in opposite direc- 
tions oyer the iron wires, being first saturated with a mixture of 
mineral pitch, Stockholm tar, and finely ground silica powder. 
This bituminous compound was applied^ in a melted state ; and 
while yet plastic, the outer coating was compressed by i^o'^QrCnl 
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grooved rollers, so as to form the- 
whole into a emootk black rope com- 
bining flexibility with hardness, as 
shown in fig. 75. 

While the outer iron armour was 
thus effectually protected from coiro- 
sioD, the real destroyer of suhnuuins 
cables, the hemp covering was at the 
same time preserved from tropical 
animalcnlEe, by which it would be 
otherwise destroyed. Even Ihe bor- 
ing-tool of the teredo would recoil 
fri^m the atoms of silica it would meet 
with upon any attempt at penetration. 

The weight of the cable thns formed 
was nearly four tons per mile; bnt 
special shore ends of a more massive 
constrnctioii were also provided, weigh- 
ing ten tons per mile. 

Sir Charles Bright nndertoot the per- 
sonal control of the laying ezpeditiou, 
and the cable was conveyed to its des- 
tination by five vessels of large ton- 
nage, the Aaaaye, Tvieed, Marian Moore^ 
Kirkkam, and Cospatrick, assisted by a 
steamer, the Amber TTiicA.— the latter- 
being purchased for permanent service 
on the line, for repairing the cable in 
case of need, and for carrying stores 
and exchanging the staff between ihe 
stations. Each ship was provided with 
three iron tanks to hold the cable, 
which was kept constantly covered 
with water till passed into the Ghilf. 

IIT. The cable was safely laid in four 
sections : viz., Eurrochee to Qwadur, 
Qwadur to Musseadom, Mussendom 
to Buflhire, Bushire to Fao. 

The route selected in the Gulf, and 
across ite entrance, had an exceedingly 
regular bottom; but on the U^kran 
coast, and especially between Kurca- 
chee and Qwadur, it was by no mean». 
80 good. 

The submersion of the oabls wa»- 
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commenoed on tlie 4tli of February, 1864, by Sir Charles Bright 
and his staff, Messrs. Laws, Webb, Woods, Alexander, and 
Mosely. Colonel Stewart led the expedition in the Coromandel, 
Nothing could exceed the perfect regularity with which the 
arrangements acted. The cable uncoiled itself with perfect 
freedom, and the laying of the different sections was completed 
on the 5th April. Her Majesty's steamers Zenohia and Semi- 
ramia successively took in tow the cable ships during the 
paying out; and the difficulties;of communicating between the 
steamers and sailing vessels in tow, were overcome by signalling 
the (Mrdinary Morse telegraph alphabet with a bull's-eye lamp; 
the shutter of which was fixed to a small lever, by which the 
.duration of time the light was exposed could be varied at plea- 
sure, and rapidly made to represent letters and words. By this 
plan messages were passed by flashes of light between the 
steamer and ship in tow, at the rate of twenty wwrds per 
minute. The cable was paid out at the rate of from 5^ to 
6 knots per hour, just sufficiently in excess of the rate of the 
ships to allow it to accommodate itself to the inequalities of the 
bottom. 

Considerable difficulty occurred in landing the shore-end of 
fhe cable at Fao, and connecting it with tiie floating station 
moored off the entrance to the Tigris, owing to the shallowness 
of the water and extent of deep mud-banks. This part of the 
work has been thus described* : — ** About five miles of cable, 
weighing some 20 tons, were distributed among ten of the 
largest boats belonging to the fieet. When about four miles 
had been payed out the boats grounded. Though there was very 
little water, there was a great depth of mud of about the con- 
sistency of cream. There was no use in hesitation, the cable 
must be landed at any risk ; so Sir Charles Bright set an 
example to his staff aiid the men, and was the first to get out of 
the boat and stand up to his waist in the mud ; an example 
which was followed by aU the officers and men, upwards of a 
hundred in number, who were all soon wallowing in the soft 
yielding slush up to their chests, but still dragging the end of 
the cable with them. The progress through such a material 
was necessarily slow — half-swimming, half- wading; it was 
impossible to rest for a moment without hopelessly sioking 
below the surface, yet no one thought of abandoning the cable. 
Though it was only two o'clock when the party left the boats, 
it was nearly dark before the last reached the shore. All were 
grimed with mud, and nineteen out of twenty were nearly 

* Timet, Account of the Indian Telegraph. 
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naked, haying left or abandoned almost every article of clothing 
in the effort to reach the shore ; but in spite of obstacles the 
cable had been landed. The troubles of the landing party were 
not yet over, for it was found that the ships of the expedition, 
which were waiting to receive them in the Tigris, were lying at 
the other side of a mud-bank, only a little less fluid than that 
which had just been passed, and four miles in extent. To 
make matters better, a thunderstorm, truly tropical in its 
violence, was raging ; and the tide, which washes the banks, was 
rapidly rising. The party, however, made a dash for it, and aU 
succeeded in reaching the ships, with the exception of one of 
the lascars, who was overwhelmed by the mud and tide, and 
sank before assistance could be afforded. The remainder were 
much exhausted, some few so much so, that they had to be 
carried by their companions." 

It was expected that the Turkish line from Bagdad to Fao, 
at the head of the Persian GuK, would have been completed 
simultaneously with the cable, but a considerable part of the 
broad tract of country, 400 nules in extent, intervening be- 
tween the ancient city of the Caliphs and the miserable village 
of Shat-el-Arab at the junction between the Tigris and 
Euphrates, is inhabited by predatory tribes of Arabs, inces- 
santly quarrelling one with another and mutually defying the 
Turks, their nominal masters. Backshiah, in the shape of 
subsidy or black-mail, was the only way to quiet these rapa- 
cious vagabonds ; but it was not until the commencement of 
1865 that their state of chronic revolt could be put an end to, 
and the line completed. In Pebruary, 1865, a telegram was 
received in London from. Kurrachee in 8^ hours, and the com- 
munication was then opened to. the pubHc, and has since 
continued. 

Although the connecting wires through Turkey, and between 
Kurrachee and the main Indian lines at Bombay are very 
badly managed, the cable has proved a commercial success, 
yielding, at present, over 100,000^. per annum upon its cost of 
about 400,000/., and there is no doubt this revenue would be 
very greatly increased if the connecting lines were better 
worked ; for while the average time occupied in transmitting 
messages between Kurrachee and Eao over the four sections of 
the cable is only three hours, the messages between India and 
England frequently occupy many days in transit over the land 
lines. This is partly due to the utterly inefficient staff of half- 
castes employed in India by the Government ; and partly to the 
carelessness and indolence of the Turks, who frequently allow 
their wires to be out of order for many days together ; and of 
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whose apathy we may judge, when it is stated that frequently 
messages have been so changed in their order of transmission, 
that those sent da3n9 after others have yet arriyed first ; pro- 
bably from being £Jed as they airiyed one after»another at some 
intennediate station, and then, when sufficiently accumulated, 
sent on, taking those at the top first ; thus utterly changing the 
order of transmission, and making the last message arrive first 
at its destination. 

118. Endeavours have been made to arrange for through 
Turkish wires worked by English operators; but so jealous 
are the Sultan's Qovemment of interference, iiiat they will not 
sanction this necessary reform. 

To obviate so serious an impediment to prompt and accurate 
commtmication, it is now proposed to carry a second line from 
England, by direct submarine cable to Gibraltar and Malta, to 
connect up the Malta and Alexandrian cable and Egyptian 
lines. Thence by a cable to Aden and Bombay, so as to 
avoid the delays and errors arising from transmission at the 
hands of those working the present land route, comprising laSS-' 
educated half-castes, Turks, Austrians, &c., who all combine in 
mutilating and mangling the plain English of our messages. 

The subject was considered of such importance, that it was 
referred to a special committee of the House of Commons in 
1866, consisting of Lord Stanley, Sir Charles Bright, Sir H. 
Bawlinson, Mr. Crawford, Mr. A3iTton, and others ; by whom a 
report to the following effect was made : — 

'* There exist at the present time two systems of telegraphy 
between England and our Indian possessions. One, commonly 
called the Turkish route, passes through Vienna and Wallachia 
or Servia to Constantinople, or reaches the latter city by way 
of Turin, across the Adriatic at Avlona, and along the shores of 
the sea of. Marmora. Having reached Constantinople, it is 
forwarded through Asiatic Turkey to Bagdad, and thence to 
Eao, where it is received by British officers for despatch to 
Xurrachee, or by way of Teheran to Bushire, where it again 
fidls in willi the main line, and is then exclusively under the 
control of the Qovemment of India. A message by this route 
may be dealt with by no less than ten administrations before 
passing into British hands. A large mass of evidence goes to 
prove that the vexatious delays constantly occurring on this 
are mainly due to the Turkish officials, who not only 
eglect to keep any wire, or system of wires exclusively for 
Aj^o-Indian use, under the terms of the Indo-Ottoman Con- 
vention, but £eu1 egregiously in the prompt performance of their 
ordinary clerical duties. 
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'^ The other available system, called the^Eussian route, passes 
through Berlin, vid the Hague, thence into Russia through 
Tiflis to Julpha, on the Arras, and so over the Persian system 
to Bushire. These two systems of telegraphic communication 
are distinct as far as the head of the Persian Gulf, but inter- 
communication may be altogether suspended by the occurrence 
of any accident to the submarine cable between this point and 
Xurrachee. The Russian system appears to work well as far as 
the eastern frontier of that country, but foils in its entirety from 
the imperfect arrangements of the Persian service between 
Julpha and Teheran. A report submitted by Colonel Gold- 
schmidt, in November, 1865, recommends that such part of the 
Anglo-Indian system as passes through the Ottoman Empire 
should be placed in the hands of Englishmen, making the 
principal stations at once Anglo-Ottoman, as at Eao. This 
plan, however, is inadmissible, for political reasons. The com- 
mittee have therefore recommended that means should be 
adopted for facilitating the use of the Persian system with 
Europe, so as to bring the Russian route under efficient 
control ; that to avoid future accidents, the Persian Gulf cable 
should be doubled, or, by arrangements with the Persian 
Gk)vemment, that land wires should be instituted between 
Ispahan and Kurrachee. That the scheme of establishing a 
direct communication between Alexandria and Bombay, by 
way of Aden, is especially worthy of consideration, and eiiould 
receive all possible aid from her Majesty's Government, as thus 
establishing a route under one management and responsibility. 
The committee also urge upon the Indian authorities the abso- 
lute necessity of improving their internal arrangements, so as 
to remove all risk of delay in the transmission of messages from 
Kurrachee to the interior." 

119. The extension of the telegraph to Australia and China 
must speedily follow upon the communication between India 
and Europe. The telegraph is at present constructed as far east as 
Rangoon, from which there is no difficulty in selecting a cable 
route with a favourable bottom at a short distance from the 
coast to Singapore. Between Singapore and Hong Kong a 
cable can be readily carried in shallow water, touching at 
Saigon ; or the connection with China may be effected by cross- 
ing the peninsula and laying a cable across the Gulf of Siam. 

To effect the same object a land line of telegraph has also been 
warmly advocated by Captain Sprye, from Rangoon through 
Birmah and Western China ; but in uncivilised countries com- 
mxmication by the aid of submarine cables, wherever practi* 
cable^ is found far more reliable. 



EXTENSION TO CHINA AND AUSTRALIA. 107 

Proceeding southwards from Singapore towards Australia, 
the first section to Java can be laid in shallow water ; and as a 
land line of telegraph has already been constructed by the 
Dutch GkTvemment throughout Java, a cable may be extended 
firom the south-eastern extremity of that island to Timor, 
terminating at a station to be established at Ooupang. With 
the exception of a short distance to the south of Timor, as yet 
not surveyed by soundings, the remaining link to Australia 
can be laid in shallow water. 

The Australian telegraphs already extend between Ade- 
laide, Melbourne, Sydney, Brisbane, and Port Denison, a 
distance of about 2400 miles, and are being pushed on north- 
wards from the latter place towards the Ghilf of Carpentaria ; 
and as the whole of the intermediate country is being rapidly 
occupied by settlers, there will be little difficulty in completing 
the link between the Australian telegraph system and the 
landing point of the cable. 

As a powerful company is in course of formation to carry 
out this yast scheme, it is probable that it may be realised 
•within a few years ; and when it is achieved, and our country- 
men at the Antipodes are able to hold prompt correspondence 
with their mother country — ^but not till then, as Sir Charles 
Bright said at the recent Atlantic Cable Banquet at Liver- 
pool, ''may telegraphists triumphantly point to their works 
and exclaim : — 



<< 



QasB regio in terris nostri non plena laboris." 




CHAPTER VIII. 

THE ATLANTIC CABLBa 

THE CABLES OF 1S58, 1865, AND 1866. 

120. FnjcetioD of theliDC — 121. Fnliiniiisi; eipnimentH on long under- 
ground wim.— 122. BouudiDgs of the AtUntio.— 123. The cable of 
18GT and onsaeeeBsFol expedition of that yeu'. — 124. ThemMhinerj 
employed. ^12S, The iDCCessfnl eipedition of ISSH, and fitUnre of 
cable s month after lud. — 126. BesoieitatJon of the eotcrpriae, and 
arrangomentB for cable of 1866. — 127. Improved papng-oot and 
picking-up machinery. — 128. The expeditLoD of 18B5 ; repeated fanlta 
in table, and final fiactnre. — 129. The BocceBsfal exp^ition of ISflfl,; 
improTcd mode of tesUn^ ^ — 130. Atlantic eignalling appacatiu 
adopted by Profeesor Thomson, — 131, Congtatnlalorj meaaagea. 

120. £t the end of tiie year 186S Hie North American lines 
had been extended aa fer as New&nmdhind, while in Europe the 
vires of the Uagnetdc Company extended to the extreme weet 
of Ireland. The feasibility of uniting tiie two vast systems of 
European and American telegraphs by a sabmarine cable had 
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engaged the consideration of several of the most enterprising 
telegraphists on both sides. It had been already proved that 
cables could be successfally laid in comparatiyely deep water, 
bnt the nearest points between the British Islands and New- 
foundland are nearly 2000 miles apart; and the greatest length 
of submarine line submerged prior to 1856, would form but a 
fraction of such an enormous distance. 

121. The most important question then undetermined was the 
possibility of working through such a length in an unbroken 
circuit, and at a speed that would enable messages to be passed 
in succession quickly enough to prove remunerative. 

All doubts on this point were, however, removed by a series 
of experiments instituted by Sir Charles Bright, in conjunction 
with Mr. Whitehouse, upon the long lengths of underground 
gutta-percha covered wire& belonging to the British and Irish 
Magnetic Telegraph Company, which were so connected on 
various occasions as to alSbrd a length of upwards of 2000 miles 
in one continuous drciiit. Signals were clearly and satisfEu;- 
torily transmitted this vast distance at the rate of 210, 241, and 
270 per minute, with a £EUsility that would answer every com- 
mercial requirement. 

The difficulty in working that was found to arise fit)m the 
retardation of the electric current by induction was overcome, 
as it had previously been in the magneto-electric instruments 
used by the Magnetic Company, by using a succession of oppo- 
site currents. By this means tiie latter or retarded portion of 
each current was blotted out by the opposite current imme- 
diately following it ; and thus a series of electric waves could 
be made to traverse the wire one after the other, several being 
in the act of passing onward at different points along the con- 
ductor at the same time. Secondary currents were employed, 
generated by an induction coil, and tibie electricity was found to 
occupy about three seconds in passing from one end to the 
other. 

The New York and Newfoundland Telegraph Company had 
previously obtained &om the Governments of Newfoundland, 
Nova Scotia, Prince Edward's Island, and the State of Maine, 
the exclusive right to land cables, upon condition of their con- 
necting those countries with the network of telegraphs already 
constructed in the United States. Mr. Cyrus Field, the Yice- 
President of that company, then entered into an arrangement 
with Sir C. Bright, Mr. Brett, and Mr. Whitehouse to combine 
in carrying out the undertaking. 

122. The nature of the ocean's bed had become by this time 
well understood, several series of soundings having been taken 
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by Lieutenant Maury and Lieutenant Benyman, of the United 
States Navy, and also by Commander Dayman, E.N., which 
proved that a gently undulating plateau of great breadth ex- 
isted nearly the whole of the distance between Ireland and 
British North America, at a depth varying gradually fit)m 
1700 to 2300 fathoms. These depths, although very great, are 
insignificant when compared with the nearly unfathomable 
soundings farther to the southward than the belt of ocean thus 
indicated, where the lead has been found to pass uniater- 
ruptedly downwards for 6000 and even 7000 fathoms. 

The table-land thus raised at the bottom of the sea appears 
to follow the course of the GuK Stream, and has been built up 
by the deposit of the shells of microscopic animalculae, which 
have rained down, as it were, for countless ages, carried along 
by the warm water of this ** river in the ocean." The minute 
diatomacesB and globiferae die in myriads upon the temperature 
of the Gulf Stream being lowered by contact with tiie more 
northern seas; hence about Newfoundland, where the Gulf 
Stream is somewhat checked and first comes in contact with 
the cold waters from the north, a much more rapid deposit of 
these animalculsB has taken place, resulting in the formation of 
the cod banks. When specimens of the soundings brought up 
are examined, they are found to be analogous to the material 
forming our chalk cliffs, which have also been built up in past 
ages by the same little creatures. The diatomacese in ilieir 
action in the colder regions may, in fact, be likened to the coral 
insects of warmer climes, as regards' the gradual building up 
of the sea into land. As these microscopic shells are so fragile 
that a breath would almost destroy them, they afford a proof 
that there are no currents moving over the surface of this 
plateau, for had the shells been rolled to and fro their delicate 
organism would have been bruised to pieces. 

123. These facts promised permanent security to a cable when 
laid, and rendered it unnecessary to provide one of great weight 
or size, such as would have been requisite for any depths 
affected by currents. On the other hand the enormous depths 
in which the Atlantic line had to be laid, made it necessary to 
construct a form of cable that should be capable of sustaining 
five or six miles of its own weight in the water, when suspended 
vertically ; so as to allow of laying to, if required, during sub- 
mersion. At the same time the cable had to be heavy enough 
to draw itself freely from the hold, somewhat in excess of tibe 
ship's speed, and to sink readily so as to avoid the lashing of 
the waves in rough weather, and pass without interference 
Hhivugh the currents near the surface. After experiments on 
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apwards of sixty kinds of cables made by Messrs. Glass and Co., 
one was selected with a central conducting strand compoHOd of 
seven copperwires, No, 22 gauge, and coated with three distiiict 
layers of gutta-percha. This core was then surrounded with 
tured yam, and covered over with eighteen _ 

strands of iron wire aa an outer protection, as OtdTiiiidAtLinUii 
shown in figs. 77 and 78. ™"« "'_ """*■ 

The Governments on both sides having en- 
couraged the project by guarantees of traffic, 
and the promise of vessels to assiat in laying the 
«able ; the !proniot«rs, in conjunction with the 
writer, made the experimental and other results 
pnbUo, by holding meetings at Liverpool, Man- 
chester, and Glasgow. These led to the im- 
mediate formation of the Atlantic Telegraph ' 
Company ; and nearly the whole of the capital, I 
consiatdng of 330 shares of lOOOf. each, was 
subscribed for in this country in the course 
of a few days, principally by those connected | 
with the Magnetic Telegraph. 

The engineering department was placed in 
the hands of Sir Charles (then Mr.) Bright, 
while Mr, Saward became secretary, and Mr. I 
'Whilehouse aoied as electrician. The luanu- 
&cture of the cable was at once proceeded with 
by the two well known contracting firms, I 
M!eesrs. Glass, Elliot and Co., of Greenwich, 
and Messrs. Newall, of Birkenhead. i 

This, the first Atlantic cable, is shown in figs. 
77 and 78. Lengths of ten miles for the shore 
ends were made exceedingly massive, weighii^ 
About ten tons to the mile, and encased with 
wires of great thickness. The British and 
United States Governments lent H. M. S. I 
Agamcmn^t, and United States fngate Niagara, 
.to carry the cable, with the frigates Leopard 
And Suiqaehajina to assist. The first attempt 
was made in August, 18d7, with 2500 miles of ( 
table on board. The expedition started fr6m ■' 
Yalentia, Ireland, where the shore-end had 
been landed with great enthusiasm in the pre- 
-sence of Lord Carlisle, then Lord Lieutenant. '^^' '''' 

After the pajiing out had gone on successfully from the Niagara 
for several days, during which 380 miles had been laid, the 
cable parted at night during a strong breeze. 
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After the failure of this first attempt to span the Atlantic, 
many crude suggestions, to which the newspapers gave pro- 
minence, were made; principally by those unacquainted with 
submarine cable work. Amongst them may be noticed the 
general impression that neither a cable nor any other substance 
could sink to the bottom of the ocean ; but that, after descend- 
ing a certain depth, everything, even a cannon ball, would 
arrive at its point of flotation, owing to the increase of pres- 
sure and supposed increase of density of the water. In this 
exploded fedlacy, the fSact that water is less compressible than 
even iron, and therefore less capable of increase of density, 
was ignored. 

It was suggested that the proper point to pay out a cable was 
&om the centre of a ship, as the point of least motion, and 
therefore least liable to injure the cable, and it was proposed to 
have an opening in the middle to let it down ; but as a cable in 
paying out leaves the ship at an angle but a little removed &om 
the horizontal, the absurdity of such a proposition is manifest. 

Another plan, strongly advocated, was to wind the cable upon 
an immense drum, to be towed by steamers while the line un- 
wound. It never seems to have occurred .to the suggestor that 
in rough weather, or even with a slight breeze, all control would 
be lost over such an unwieldy machine ; while the strain upon 
the cable in unwinding it would be utterly beyond regulation. 

A trail, or flexible pipe, was also proposed to hang from the 
slup's stem to the bottom of the sea, through which the cable 
was to be allowed to pass ; but the promoters of this plan omitted 
to consider the efliects of the friction resulting from 2000 miles 
of cable passing through it. Of whatever substance such a trail 
might be made, a day or two's rubbing of the cable would have 
worn it through. 

124. In the next efibrt, of 1858, it was decided, upon the strong 
recommendation of Sir Charles Bright, that instead of commenc- 
ing with the easiest and shallow part of the laying, from shore, 
that the ships should begin in mid-ocean, so as to start with the 
most difficult work. This had the double advantage of enabling 
them to select fine weather at the outset, and of reducing the 
time occupied in laying the line to one-half. 

The paying-out machinery used in the first expedition con- 
sisted of a series of four consecutive grooved wheels, the cable 
passing from one to the other so as to embrace about two-thirds 
of the circumference of each. These wheels were geared to- 
gether, and a friction-break connected^with the gearing, so that 
the person in charge of the machine could vary the check ap- 
plied from time, to timoy as the surging of the ship drew out 
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more or less cable. The machinery was considerably modified 
for the expedition of 1858, and is shown in figs. 79 and 80. 

The cable on its way from the hold to the stem of the vessel 
was made to pass four times oyer two large drums, embracing 
half the circumference of each drum. Attached to the axles of 
each of the drums there were two wheels with friction straps, 
which exerted a given retarding power, according to the weights 
hung on to the levers tightening the straps. 

Between the stem of the vessel and the machine the cable 
was bent somewhat out of the straight line, by being led under 
the grooved wheel of a dynamometer, fig. 80. This wheel had a 
weight attached to it, and could be moved up or down in an iron 
frame. If the strain upon the cable was small, the wheel would 
bend the cable downwards, and its index would show a low degree 
of pressure ; but whenever the strain increased, the cable, in 
straightening itself, would at once lifb the dynamometer wheel 
with the indicator attached to it, which showed the pressure in 
cwts. and tons. The principle is similar to the ordinary spring 
letter-weighing machine. The amount of strain with a given 
weight upon the wheel ,was determined by experiments, and 
a hand-wheel in connection with the levers of the paying-out 
machine was placed immediately opposite the dynamometer; 
so that, directly the indicator showed strain increasing, the 
person in charge could at once, by turning the hand-wheel, lift 
up the weights that tightened the friction straps, and so let the 
cable run freely through the paying-out machine. Although, 
therefore, the strain could be redticed in a moment, it could not 
be increased by the man at the wheel. 

This principle has been since used in connection with the 
other deep-water cable expeditions. 

125. In June, 1858, the Agamemnon sudi Niagara proceeded to 
the rendezvous, accompanied by H.M.S. Valorous and Gorgon, 
They encountered a heavy gale, and the great weight of cable 
on board the Agamemncm nearly made her founder; but 
Captain Preedy's seamanship brought her through, and the 
squadron met at the rendezvous after sixteen days of .danger 
and apprehension. Another attempt was then made ; but after 
laying a small length the cable p&rted, and the ships returned 
to Queenstown. After re-coaling they started for another, and, 
this time, successfrd effort ; the achievement of laying the cable 
between the two continents being completed on the 5th August, 
1858, by Sir Charles Bright and the engineers forming his staff 
(Messrs. Canning, Woodhouse, Clifford, and Everett), after an un- 
interrupted and most arduous task of eight days, during which 
2Q22 miles of cable were laid. The electrical arrangements 



SUCCESS AND FAILUBB IN 1858. 116 

during the laying of the cable were under the charge of Pro- 
fessor Thomson. 

On the ends of the cable being landed at Yalentia, Ireland, 
and Trinity Bay, Newfoundland, and handed oyer to the Com- 
pany's electrician, Mr. Whitehouse, he found that signals 
passed from shore to shore with as great speed and strength as 
those transmitted through the folds of the cable before the 
expedition lefb England. After transmitting messages for 
nearly a month, some defect in the insulation of the conducting 
•wire was found to interfere with the further working. 

The 'testing showed a fault at a distance of about 270 miles 
£n)m Yalentia, the electrical leakage through which had been 
augmented by the strong currents used to pass signals through 
the cable. 

During the period that the Atlantic cable of 1858 was in good 
order 366 messages, consisting of 3942 words, were interchanged 
through it between this country and America ; 97 messages, of 
1102 words, being forwarded from Yalentia to Newfoundland ; 
and 269 messages, of 2840 words, from Newfoundland to 
Yalentia. 

Among these may be instanced messages from Her Majesty 
to the President of the United States, and his reply ; messages 
stopping the departure from Canada of two regiments for this 
country, thus saying at least £50,000 unnecessary expense to 
our Qoyemment ; and messages announcing the safe arriyal of 
the steamer EtMvpa, with mails and passengers uninjured, after 
her collision with the Arabia, 

The last words passed through were read at Yalentia on the 
20th October, 1858. 

Seyeral attempts were made to pick up the cable to the faults, 
bat were unsuccessful ; and this disastrous result, following ho 
soon after the accomplishment of the great feat of connecting 
the two continents together, discouraged farther enterprise in 
the same direction for a number of years. 

The experience thus gained on many points was, howeyer, of 
the highest importance. It was seen that with deep sea cables 
it was adyisable to construct them proportionately stronger and 
Efpedfically lighter than the first Atlantic line, so that they 
might be recoyerable from great depths. It was also obyious 
that for so long an unbroken circuit the conductor should be 
larger and the gutta-percha insulation more perfect, so as to 
enable a greater speed of transmission to be attained with a less 
intense cutrent. In fact, the weaker the electric charge capable 
of producing an effect at the other end, the less tendency it 
would haye to burst its way through the gutta-peroha at any 
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Fig. 81.— AtUntla cb 



de&cfJTe point, and tlieieibie the more likely the cable touH 
be to lost. 

126. By the exertions and ecooomical nmnsgement of tSr, 
Saward, the Secretory, aided by the coutnbntionB of iSx. (now 
Sir 0. M.) LampBoD and other Directore, the AtUntic Telegraph 
Company waa kept alive year after year, until the BacceaeeB 
achieved with the Malta and Alexandna, tlie Barcelona and Poit 
Mahon, and other deep sea cables, followed up by the oonnection 
of Europe and India throu^ the Fer^an Gulf, gave a fresli 
Btimnlua to Atiantic enterprise ; and, with the co-operation of 
Mr. (now Sir E. A.) Glass, capital was again forthcoming for 
the cable of 1865. 

The form of cable chosen was very similar in constntction to 
tiiat recommended to Qovemment by Sir Charles Bright, in 
1859, for the proposed Palmouth and 
. Gibraltar line ; the principle being the 
combination of iron wire and hemp Sot 
the outer protecting etrands, by whicli 
the specific gravity was reduced, and 
greater strength gained; while casing 
the wires in hemp, saturated with tar, 
would preserve tiiem from rust. A 
section and side view of tiie cable of 
1865 are shown at fig. 81. 

The weight of this cable in air waa 
35cwt. 3 qre., or about 15 cwt. more 
than the original Atlantic; while its 
weight in water was only 14 cwt., or 
but I cwt. more than the old cable. 
The copper conducting strand weighed 
300 lbs. per mile, or nearly fbree times 
that of the 1858 strand, and was insu- 

©lat«d by eight coatings of gutta-perdut 
and Chatterton'a compound laid alter- 
nately over one another. The former 
cable had but three coatings of gutta- 
percha. 
The rope of 1865 could withstand a 
strain of seven tons and a half, hut the 
strength of its predecessor was only 
about half as great. 
The weight and bulk of the cable 
b^ng so enormous when multiplied by the length to be made^ 
2300 miles— it waa determined to tiie up the Great Eastern, 
which was then seeking employment almost in vain. By this 
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arrangement the whole of the cable could be stowed in one 
6hip, while without her aid four ships of the largest size would 
haye scarcely sufficed ; and, as in 1858, the cable would have 
had to be much smaller in size. Even with present experience 
it would be a most dangerous experiment to attempt to lay a 
<»ble piecemeal across the Atlantic from a series of vessels, as 
rough weather might at any time prevent the ends being suc- 
oessiyely joined as each ship finished its portion of the task. 

The mission of this vast ship was at last discovered, and she 
was speedily prepared for the work. Huge tanks were built 
within her to receive the cable, and keep it continually satu- 
rated with water ; so that in case the slightest fault occurred 
prior to the insulated cord passing into the sea, it would be at 
•once detected. 

127. The paying-out machinery was considerably improved 
by Messrs. Canning & Clifford, who had charge of the manu- 
£ELcture of the cable, under Mr. Glass' supervision, and of its 
subsequent submersion. 

Messrs. Glass & Elliot having combined their works with 
iihose of the Gutta Percha Company under the title of the 
Telegraph Construction and Maintenance Company, the insula- 
tion of the conducting wire was proceeded with, ^rt passuy 
under the careful superintendence of Mr. Chatterton and Mr. 
"Willoughby Smith. The eight separate insulating coatings 
xeduced incalculably the chance of any defect occurring at one 
fpoint in all, and resulted in the insulation being far superior to 
that of any previous cable. 

The paying-out machinery fitted on board the Great Eastern 
was so arranged that, on the one hand, no strain could be put 
Tipon the cable in excess of that arranged beforehand, and 
adjusted by weights ; but, on the other hand, the strain could 
be reduced or taken off altogether by turning hand- wheels 
^similar to steering-gear. The principal hand-wheel was placed 
•close to a dynamometer, or pressure-recording apparatus, 
siinilar to that used in 1858, (see fig. 80,) through which the cable 
passed on its way &om the machine to the sea. If the index 
of the dynamometer showed any considerable increase of strain 
icam any cause, l^e person in charge of it, and the paying-out 
machine, could at once take off the machine weights by turning 
the hand- wheel. 

The paying-out machine is shown in fig. 88, but the mode of 
.action will be more clearly shown by the following diagram 
i(p. 118). 

The cable, on coming up from the tank in the hold, passes 
jJong a conducting trough ta the first of the six leading Y 
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wheels of the machine, see fig. 82. It does not take a turn 
round this wheel B, but merely i)asses over the top of it and the 
five other wheels consecutiyely, being pressed down into their 
grooved rims by a small weighted wheel or jockey pulley, A, 
around the circumference of which there is a band of india 
rubber, so as to produce a retarding effect upon the cable when 
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Fig. 82.— Diagram of one of the six leading wheels of machinery of 1865—6. 

necessary. The jockey pulley turns upon an axle at the end of 
an arm centered at a', and the weights on the jockey pulleys 
can be released at once by turning a hand-wheel. After leaying 
the last of these wheels, the cable takes several turns round a 
la^ge drum, the axle of which is connected to a break arrange- 
ment similar to that of 1858, by means of which the speed of 
the drum with a given strain is diecked or accelerated, according 
to the increase or reduction of a series of hand-weights, that 
can be attached or taken off as required. 

Provision was also made for picking up the cable in case of 
accident. As ships will not steer stem foremost in operations 
of this nature, the head of the ship has to be kept to the cable, 
as it comes up from the sea. An auxiliary steam engine was fitted 
in the bows of the Qreai JSastem, geared to a pair of picking-up 
drums, round which several turns of the grapnel rope would be 
made. Another dynamometer (or pressure measurer) was placed 
between these drums and the bow sheave, to indicate the strain 
upon the grapnel rope, and thus show when the cable was- 
hooked, or when the pressure was becoming so great during the 
hauling-in process as to imperil either the grapnel rope or the 
cable. 

128. Thirty miles of very massive shore-end cable, weighing 
20 tons per mile, havingTbeen previously laid by the steam-ship 
CaroUney from Poilhonmierum Bay, Valentia, die Great Eastern 
spliced the deep sea cable to the graduaUy-tapered end of the 
shore cable, and commenced paying out on the 23rd July, 1865^ 
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Early in the morning of the following day, when 75 miles 
from land, a fault was discovered in the insulation; and 
as the tests localised it to a few miles from the ship, the 
picking-up machine was soon set to work. After lOJ miles had 
been drawn back the fault was arrived at, and the cause of 
injury found to be a piece of iron trire, about two inches long, 
and the same gauge as that covering the cable, which had by 
some means been driven into the gutta percha so as to touch the 
conductor. Complete leakage was thus produced after the cable 
had been sufficiently long under water to allow the moisture to 
penetrate the outer covering of tarred yam. 

Everything then went on well for the next five days, until 
the afbemoon of the 29th July, when, after 716 miles had been 
laid and the ship was in soundings of more than two miles deep, 
a similar fault was discovered to have passed overboard. This 
was rectified in the same way as its predecessor by the tedious 
and difficult process of hauling back. These faults were re- 
ferred by some to accident arising from the brittleness of the 
outer wire, probably at points where welded ; but by others to 
malicious injury. 

On the 2nd August, when at a distance of 1050 miles from 
Ireland, after 1186 miles of cable had been successfully laid, 
for the third time a loss of insulation was reported in soundings 
of 2J miles. The Great Eastern commenced drawing in the 
cable to get at the fault, which the tests showed to be about 
six miles off; but as the ship drifted, one of the projecting 
hawse-pipes at her bow chafed the cable, and before the 
injured part could be drawn through the machinery it broke* 
Eepeated efforts were made to recover the lost cable with the 
pickiQg-up machinery and grapnels ; but the shackles of the 
grappling-rope were not strong enough, and gave way re- 
peatedly after raising the cable some distance, in one instance 
nearly halfw^ay up to the surface.' Though the rope might be 
strong enough, the swivels connecting its length together were 
not ; and the axiom that *' nothing is stronger than its weakest 
part " received an apt illustration in this case. The battle with 
the ocean was over for the year: as length after length of 
grappling-rope had disappeared with the cable to the bottom, 
and left none on board for renewed attempts. 

129. The experience derived from this expedition plainly 
showed that success with an Atlantic cable was not merely to be 
regarded as an accidental result, but might be reaUy considered to 
be reduced to a certainty : and that with stronger tackle there 
was good reason to believe that the lost end of the cable might be 
recovered. Although most people unaccustomed to cable-work 
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were mcredulous, those connected witih the undertaking vera 
BO sanguine of euccaaa that a new company, Uie Anglo- 
American, was OTganised to I'aise fresh capital and carry out 
the scheme in oonjanctiou with the Atlantic Company. 
As it had been found tliat the tarry compositLon coating the 
outside stnmds interfered with the 
, speedy detection of faults, by filling 
up any iiy'ury to the gutta-peroha 
and by piereuting ready penetratitm 
of the water in such cases ; it waa 
conaideied better to omit it in the 
cable of 1866, With this exception 
the new cable, which is shown in 
fig. 83, was similBr to its lost pi«- 
decessor. Throngh itiis composition 
being omitted, it weighed only 31 owt, 
or nearly 5 cwt. less than the other. 

The t«Bts for ikolts in the previous 
cable were periodical — intervals being 
allowed between each for pasrang 
messages between ship and shore ; but 
by an ingenious plan devised by Mr. 
Willou^by Smith, it was arranged 
tiiat the connections of the cable of 
1866 should be so made as to keep it 
under a continuous test ftr insula- 
tion, and yet allow communications to 
continue between those engaged at 
each end of tlte cable. 

A diagram showing this testing 
arrangement is given in fig. 84. 

Suppose the leakage through the 
redstance s, connected with the shore 
end of the cable, to equal that through the gutta-percha of 4 
miles of the cable, this amount of leakage would flow through 
the galvanometer G' to earth, and Hum a constant deflection 
would be observed so long as the cable was kept charged at a 
uniform tension. But should the tension be altered, either by 
the occorrenGe of a fault in tlie cable, or for signalling, by 
reversing the current on board ship or pressing down th» key, 
E, on shore, a change in the deflection of both galvanometers 
becomes at once observable. By this means constant commu- 
nication can be loaintained witb shore, and any injury to the 
cable at once detected. 
130. Let us now turn to the ugnallisg department, and see 




SIGNALLING APPAEATUS. 121 

^liat arrangements were made for working the cables wlien laid. 
In the apparatus applied by Mr. Whitehouse to pass electricity 

Fig. 84. 

' CABLE. 
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B, Battery on board ship. 

G, Thomson's galvanometer, through which tl^e battery is connected to the 

cable. 
G% Another galvanometer on land in connection with resistance b. 
K, A contact key by which the current from the cable can be turned through 

a comparatively low resistance b'. 

through the cable of 1858, large induction coils were used, and 
the secondary current produced was probably equal in power to 
that derived from 2000 ceUs of an ordinary DanieUs' battery. 
The oomparatiYely low state of insulation of that cable could 
not long withstand this excessively intense current, and the 
cable gradually ceased transmitting signals. The electricity 
forced its way through incipient points of leakage in the gutta- 
percha envelope, and converted them into fettal faults. Such 
au untoward result taught electricians the value, or rather the 
necessity, of moderating the power used in working such a 
long circuit. With the view of facilitating this, as we have seen, 
a much larger conducting wire, and a more perfect gutta-percha 
envelope were adopted. Taking advantage of these improve- 
ments in the conductor. Professor (now Sir William) GDhomson 
adopted a very ingenious means of producing a fall and visible 
signal from an extremely minute movement of a magnetic 
needle; and was thus able to turn to account the feeblest 
'electricity arriving through the cables. 

The apparatus, which is similar in principle to Gauss and 
Webb's telegraph of 1837, consists of a smaU and exceedingly 
light steel magnet with a tiny reflector or mirror fixed t6 it — 
l)oth together weighing but a single grain, or thereabouts. This 
delicate magnet is suspended from its centre by a filament of 
silk, and surrounded by a coil of the thinnest copper wire, silk 
<X)vered, 

When electricity passes through this surrounding coil of wire, 
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the magnet and mirror take up a position of equilibritun 
between the elastic force of the silk and the deflecting force of 
the current &om the cable circulating through the coil. A 
very weak current is sufficient to produce a slight, though 
nearly imperceptible, movement of the suspended magnet. 
A flne ray of light &om a shaded lamp behind a screen at a 
distance is directed through the open centre of the coil upon the 
mirror, and reflected back to a graduated scale upon the side of 
the lamp-screen turned towards the coil. An exceedingly slight 
angle of motion of the magnet is thus made to magnify the 
movement of the spot of light upon the scale, and to render it 
so considerable as to be re£uiily noted by the eye of the operator. 
The ray is brought to a focus by passing through a lens. By 
combinations of these movements of the speck of light (in lengfji 
and duration) upon the index, an alphabet is readily formed. 

The magnet is brought back to zero after each signal by the 
magnetic action of the earth, or else by the xise of a small 
adjusting magnet. 

The plan usually adopted for reinforcing the effect of a cur- 
rent on ordinary lines of telegraph is to let the magnet de- 
flected (or soft iron attracted) make contact with a metallic 
stud, and thus bring into play a local battery to produce a more 
marked signal. With the 2000 miles circuit of the Atlantic 
cable, however, it was desirable to use currents of such small 
power, that the signal produced would not suffice for the firm 
contact requisite to turn on the local battery. The introduction 
of the mirror system rendered this unnecessary, through mul- 
tiplying and magnifying the Atlantic signal by the agency of 

imponderable light ! 

This plan was put in practice with the Atlantic cable of 
1858; and the messages then transmitted were read by the 
receiving derk holding down the key of a Bain's recording 
instrument, whenever the ray of light began to move irom. zero 
upon the scale ; as soon as it commenced returning to zero the 
derk released the key. Thus marks and blanks were produced 
by decomposition upon the chemically-prepared riband of the 
Bain's apparatus, corresponding witii the movement of the 
Hght, and letters were formed by these combinations of con- 
ventional marks. The clerk therefore took the place of a relay, 
in making a permanent record of the duration of each move- 
ment of the Hght. 

The arrangement of Professor Thomson's apparatus is shown 
in figs. 85, 86, and 87. 

Pig. 85 shows the galvanometer c mounted upon a stand 
with the screen h and its graduated scale a at a short distance. 
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A lamp is placed at the back of the scale ; and immediately 
below ^e zero mark of the scale a small slot g is cut, to allow 





Fig. 85.— Atlantic Telegraph. The reflecting galvanometer, and screen. 

a streak of light to pass from the lamp to the small suspended 
mirror in the galyanometer coil ; d^ is a thumbscrew to regulate 
the position of the mirror magnet, and a is a smaU adjusting 
magnet outside the coil. 

Eig. 86 shows the galvanometer coil h 
with its suspended magnet and mirror a. 

Fig. 87 (p, 124) is a diagram showing 
the manner in which the slightest move- 
ment of the mirror A makes the ray of 
light reflected from it traverse the gra- 
duated scale B at a distance. 

When this apparatus is used on board ^ 

ship, local magnets are employed to keep Fig. 86.— Atlantic gaivano- 
the mirror in the zero position ; and the ™^I^etic^Se?^^ 
needle and mirror being carefully ad- 
justed, with the centre of gravity in line with the silk filament 
to which they are attached, the signals keep steady even when 
the vessel is rolling heavily. 

All the arrangements for the cable of 1866 being complete, on 
the 13th July the Great JEastem completed the splice of the 
main cable to the 30 miles of shore end off Yalentia, and at 
3*20 p.m. the Atlantic cable began to pass over the V wheel at 
her stem. 

The laying of the cable, as in 1865, was entrusted to Mr. 
(now Sir Samuel) Canning and Mr. Clifford, assisted by Mr. 
Temple. The navigation of the great ship was in charge of 
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Oapt. (now Sir James) Anderson, assisted by Staff-Commander 
Moriarty, E.N., and Mr. Halpin; and the electrical depart- 
ment was represented by Professor (now Sir William) Thomson, 
and Mr. Willoughby Smith, the chief electrician of the Tele- 
Fig. 87. 
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graph Construction Company. Mr. C3rrus Field, Capt. Hamil- 
ton, E.N., and Mr. (now Sir D.) Gooch, M.P., directors of the 
Anglo-American Telegraph Company, with Mr. Deane, their 
secretary, were also on board. In addition to the cable re- 
quired for the line of 1866, a sufficient length was taken to 
complete that of 1865, should the end be recovered as was con- 
fidently believed by those in charge. 

The great ship was accompanied by H.M.S. Terrible and the 
steamers Albany and Medway, the two latter having picking-up 
apparatus on board to assist in fishing for the lost cable. 

The expedition was favoured by fine weather, and everything 
went smoothly till the 18th July, when the cable became 
entangled in l^e hold through one fiake fouling another. The 
paying-out part of the coil caught three turns of the cable 
immediately under it, and drew the bights into the eye of the 
coil in a confused tangle. GDhe Great Eastern was fortunately 
brought up in time to prevent the huge knot of cable entering 
the machinery, and in the course of a few hours the confused 
mass was imravelled, and the work proceeded. Messrs. Canning 
and Clifford were well acquainted with foul flakes before, and 
knew how to set matters straight again. 

No further interruption occurred, and the American end of 
the cable was success^illy landed at Heart's Content Bay, New- 
foundland, on the 27th July, in perfect order. Messages con- 
veying the glad tidings were at once sent to Mr. (now Sir E. A.-) 
Glass, the managing director of the Telegraph Construction 
Company, who had patiently and anxiously watched the pro- 
gress of this great work — ^the carrying out of which was in a 
great measure due to his untiring energy and determination. 
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131. The following are some of the congratulatory messages 
passed. 

As soon as the telegraphic commmiicatLon between this 
country and America was completed, a message was transmitted 
through the Atlantic cable from her Majesty to the President of 
the United States : — 

** From the Queen, Osborne, to the President of the United States, 

Washington, 

"July 28th, 1866. 

''The Queen congratulates the President on the successful completion 
of an undertaking which she hopes may serre as an additional bond of 
union between the United States and England." 

The President replied as follows : — 

"From Andrew Johnson, the Executive Mansion, Washington, to her 
Majesty the Queen of the United Kingdom of Qreat Britain and 
Ireland. 

" July 30, 11.30 A, ic 

"The President of the United States acknowledges with profound 
gratification the receipt of her Majesty's despatch ; and cordially recipro- 
eates the hope that ike cable, that now unites the eastern and western 
hemispheres, may serve to strengthen and perpetuate peace and amity 
between the Cbvemment of England and the Bepublic of the United 
States.*' 

The following telegram was forwarded by the Earl of Car- 
narvon to Yiscount Monck, Ottawa, Canada : — 

« I am commanded by the Queen to convey to the GK)vemor-Qeneral of 
her North American provinces her Majesty's congratuhitions on the com- 
pletion of the Atlantic telegraph, and the strengthening thereby of the 
viuty of the British empire. 

** Her Majesty includes her ancient colony of Newfoundland in these 
congratulations to all her faithful subjects. 

" July 28, 1866." " Cabnakvon. 

The answer returned by the Gtovemor-Gteneral of Canada was 
as follows :— 

** Yiscount Monck to the Earl of Carnarvon. 

" Cable. — Your message of July 28 received. Present my humble duty 
to the Queen ; and assure her Majesty, that her Majesty's gratification at 
the additional strength which the completion of the Atlantic telegraph will 
give to the unity of her empire, is ^ared by all her subjects in British 
North America. 

"Ottawa, August 1." " Monok. 

The Lord Mayor of London telegraphed to the Mayor of New 
York :— 

" May our commerce flourish, and may peace and proefperity unite us.*' 
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The Mayor of New York Te]^lied : — 

"The energy and genins of man, directed by the providence of Gfod, • 
bave nnited the continents. May this be instmmental in secnring the 
happiness of all nations and the rights of all people." 

An excbange of courtesies also passed between the Mayor of 
Vancouver's Island and the Lord Mayor, by telegraph ; the one 
trying to embody in his message the feeling of the colony, and 
the other that of the mother-country. The first message was 
receiyed at the Mansion House, London, on the 3rd August, and 
was in these terms : — 

'' Franklyn, Mayor, Yanoonyer, Jnly 81, to Lord Mayor, London. 

<<The infant colony YancouTer, 8000 miles distant^ sends telegraphic 
cordial greetiogs to Mother England." 

To this the Lord Mayor of London, taking up the vein, and 
reciprocating the sentiments of his &r distant correspondent, 
replied by telegraph as follows : — 

" To the Mayor of Yanconvei's Island. 

''Mother England acknowledges the cordial greeting of her in&nt son 
Yancouyer. May peace, good wUl, and nnanimity unite and prosper onr 
happy family." 

It will be observed that three days were occupied in the 
transmission of the message between Vancouver's Island and 
thia country. It would be carried across the continent of 
America to Newfoundland — ^how far by telegraph does not 
appear. Seven hours, or thereabouts, would be spent in con- 
veying it by steamer from Cape Breton Island to Newfound- 
land (between which the local cable was out of order), a distance 
of 70 miles ; and thence by the Atlantic cable to Valentia, and 
on to London about an Hour more, making three days and 
nights, or 72 hours. Altogether it must have travelled, taking 
the whole route, at the rate of upwards of 111 miles an hour, 
but in the 70 miles from the American shore to Newfoundland 
it would only be conveyed at the rate of 10 miles an hour. 

Mr. Latimer Clark, O.E., the engineer of the Atlantic Tele- 
graph Company, tested the cable on behalf of the Company, 
and forwarded the following report to their secretary. 

**Yalentia, JnlySO, 1866. 

" My dear Sir, — Herewith I have the pleasure to forward you a certi- 
ficate of the completion of the 1866 cable, which is similar in every 
respect to the one which, after consultation, has been given to the Anglo- 
American Telegraph Company. 

*<The cable, as you have doubtless already heard, is in a most satis- 
hc^Gzj electri(»d condition, and with the apparatus now used gives fully 
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mx "wctrda per minnte. With improved apparatus it will give much more, 
and by the use of codes I expect fully thrice that speed will be obtained. 
The inresent signals are strong and excellent. 

"Before leaying Sheemess the insulation of the cable was 713 millions 
Siemens nnits per knot. This steadily increased as the cable was paid 
oat^ and is now as high as 2, 800 million nnits per knot. This increase is 
doe partly to temperature and partly to pressure^ and I will shortly calcu- 
late the influence of these combined causes, and give you the insulation of 
tibia eaUe and the Persian Ghilf cable at a unifiirm temperature and 
p r oB s n ie for c o m p a ri son. 

'* It is to be regretted that the Newfoundland line is not in an efficient 
state, as that would have added greatly to the idat of the opening. We 
have one and all formed the most sanguine opinions as to the permanence 
and security of the line^ as well as concerning the probability of repairing 
the 1865 cable, which we quite expect to see put to work again shortly. 

« It is almost unnecessaiy for me to congratulate you on the success of 
this part of the work, and the wonderful prospects of pecuniary success 
which the first day's woriL has opened out to us. 

" Believe me, ever yours truly, 

**IiAIDCSB CULBK. 

<'Mr. G. Saward, Secretary, Atlantic Telegraph 

Company." 




Fig 88 — Faylng-out maohlne, 1885— B. 



CHAPTEE IX. 

THE ATLANTIC CABLBS. 

ISl." The piBclJoal difficulty of raieing the oable.— 132. ApplUnees wn- 
plojed. — 1S3. The search ; repeated efforts to reeorer it; and final 
■nocen. — 134. Conditioa of tlie picked up cable and ita perfect 
InBDlation. — 135. A ladj'a thimble used b; Mr. L. Clark to fonu a 
battery to iignal tliroiigh the atbleg.^136. CompenBatitig keys. — 
137. Tariff for AUanKomewages.— 138, HmDara conferred on thoM 
engaged in tlie great work. — 139. Experiments of the Astronomer 
B(7Sl and Dr. Gonld to determine Ameriiaii longitudes by the eablea. 
— 140. Blectrio current predoced in a percussion cap passed tkroogh 
the cable. 

TKE BECOTEKT OF THE LOST OABLE OF 1865 IN SEPT. 1866. 

131.* The Atlantic squadron then proceeded to Bearch for the 
cable of 186d; and nov began their most arduous taak. Failtue 
Lad been confidently predicted by many able men, some of 
vhom 'went so far as to describe their grounds for considenug 
the attempt impracticable. 

The difficulty of the undertaking may be readily conceived, 
yrhaa ve consider that a submarine cable when laid forms 
nearly a straight line upon the bottom ; but in raising a bight 
of it to the sortace, a considerable length beyond that upon the 
bottom is required to form the two curved sides, subtending 
the ai^le brought up. This will be more clearly seen from the 
following diagram, where k shows the line of a cable on the 
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bottom of the sea, forming the base of the triangle, and, L, l', 
the two coryed sides formed in bringing the cable upward. In 
laying deep-sea cables, 10 to 15 per cent, of slack is usually 




Fig. 89.— Diagram ahowing by the dotted lines the angle a deep sea-cable has to 

make to come up to the surfkce. 

paid out, and this surplusage would of course assist in forming 
the two sides of the bight. In such depths as the Atlantic, 
this excess would not howeyer be sufficient; and it was 
therefore arranged to lifb the cable partially at several points 
near to one another at the same time, by the co-operation of the 
three ships. If this could be accomplished, and the outermost 
vessel then broke the cable by putting on additional strain, a 
length would be left free to form the outer side of the bight, and 
the cable would come up readily. 

182. Prior to entering upon our history of the angling for 
such a great prize, let us look at the arrangement of tackle 
which was destined to recover from ocean depths of more than 
two miles the value of half a million sterling. 

The line devised for this wonderful bottom fishing consiBted 
of a combination of steel wire and hemp strands spun together. 
The grappling rope complete, measured 2^ inches in diameter, 
and was built up of seven smaller ropes (six laid round one), 
each composed of seven wires served with tarred hemp. The 
rope complete, therefore, consisted of no less than 49 wires, 
each isolated from its neighbour by the yam covering it. The 
aggr^ate strength of this bundle of steel fibres was sufficient 
to bear a strain of no less than 30 tons. The hemp reduced 
greatly the specific gravity of this huge rope in water, while 
giving increased strength and elasticity; so that though 
weighing about 8 tons per mile in air, it was but S t(m&NRl2k&^ 
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Bobmerged, and thus only pnt ft strain of about 8 tons upon 
tiie pJ Afci-ng -np Dutcfaino wten. 2J miles ynih the grapnel at- 
tached were hanging dovn in the oiiean. 

For fish-hooks, a number of five-pronged grapnels of the 
shape flhown in fig. 90 were on board, weighing from 2i to 
4 cwt. each. Prcg'ecting springs were 
so attached to the grapnel ebank, as to 
prevent the cable leaping up when 
once secoTod in the tenacious grasp c£ 
the flukes. The picking-up machine 
consisted of a pair of large drums at 
the bow of the veBsel, as already 
described, geared to a poweiftd 
" dtmkey" engine, by which they 
could he made to revolve in either 
direction as required, like the winch 
of a fishing-rod. 

To complete the {omilitnde, betweea 
these dnuns and the bowsheave the 
grappling-rope passed under the wheel 
of a dynamometer, — th,e duty of which 
was precisely analogous te that of a - 
fishing-float, te give warning of any 
nibble. A bite in this case was indi- 
cated by a tug on the line to the 
extent of an additional 3 tons, when 
hi* "rfn *f th' ■ ^^ bigjit of the cable below had been 
^td-Bi^eawhen'booked. hooked. The strain then ran up from 
the T( OF 8 tons, due to the pendant 
grappling-rope, to 10^ or 11 tons when the prize was caught. 
Our readers can fancy the excitement on board upon ft nibble 
being shown by a bob of the dynamometer index ! 

133, The questions now to be solved were : — Could the lost 
cable be found; and if found, could it be secured. The 
observations token principally by Capt. Moriarty lost yeai 
fbimed the sole clue as te the point in loid-oceBn where the 
cable slumbered. The skill of Capt. Moriarty and CapL 
Anderson soon set the first doubt at rest, by unerringly guiding 
the expedition to the spot where it had been lost. The Albang 
grappling-ship, with II.M.8. Terrible, made their way flrat t» 
the lendezvous, in long. 38'50 west, and commenced the search 
for the tiny rope in a depth of 14,000 feet of water, or nearly 
the height of the peak of Mont Blano. The A Ibany soon hooked 
Uie cable, and on the 10th August lifted it some distance and 
sitaohed a buoy, lu the night, however, while a heavy sea waa 
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numing, the buoy-chain parted, and the cable went to the 
bottom again. 

This was the commencement of a most exciting hnnt. On 
the 12th, the Great Eastern and Medway arriyed; the great 
ship drew up the rope more than half a mile on the 15th, but 
in the act of buoying the rope slipped. Two days after she 
again got hold of iiie cable, and this time raised the bight above 
the sor^Ekce to the bow-sheaye. A hearty cheer greeted its 
appearance, but had scarcely died away when the cable was 
once more lost ; the weather being too rough for the boats to 
co-operate in securing it, the cable parted before it could be 
brought in-board. Between the 17th and the 27th August, the 
different ships of the squadron repeatedly grappled it, the 
^^ny raising it again to the surface on the 26th ; but through 
boisterous weather they failed to secure the prize. In one 
instance, when the cable broke away, a man was caught by the 
grapnel-rope flying back, and hurled many feet from the fore- 
castle-framing down to the deck below. 

These repeated failures left them, as Capt. Anderson after- 
wards remarked, not only '< shattered in ropes but nearly shat- 
tered in hopes." 

As the cable at the bottom, where they had been so long 
working in the neighbourhood of long. 38*40 west, was by this 
time greatly fouled and encumbered with the yarious grapnels 
and ropes which had giyen way in the many efforts to raise it ; 
and as the depth of water was somewhat less at the point where 
the preyious day's obseryations had been taken by Capt. 
Moriarty during the expedition of 1865, it was resolyed to pro- 
ceed to that point and try again. The exact spot was again 
indicated by his great nautical skill, and on the 1st Sept., 
operations were recommenced at long. 36*7 west, in about 
11,000 feet of water, and fortunately in calm weather. The 
cable was soon caught by the Great Eastern j lifted 1 j mile from 
the bottom and buoyed. She then shifted ground a few miles 
to the westward and at night again hooked it. The MedAvay, 
at the same time grappled the cable 2 miles further west, and 
was signalled by flashes of light to haul up quickly, so as to 
break it, and thus take the strain off the portion the great ship 
had hold of : she did so, and the bight then came in readily 
but slowly, as if reluctant to leaye the soft ocean bed upon 
which it had been so long reposing. The yast ship himg 
lightly oyer the grappling-rope, as if fearful of breaking the 
slender cord which was clenched in the iron clasp of the grapnel 
flukes 10,000 feet down in the depths of the sea. Witii a 
strain of 11 tons upon it, the tough unyielding flfi]bis^-^is^ 
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came in oyer the bows as rigid as a bar of iron ; and as ** slow 
but sure," is an axiom in cable fishing, so slowly but surely 
coil after coil of the huge] grappling rope was drawn on board 
by the picking-up machine; until at last, amid bi^thless 
silence, the long lost cable, for the third time, made its appear- 
ance above the water. The yoices of Mr. Canning, Mr. Clifford^ 
and Capt. Anderson were alone heard, as their arrangements 
were made to put huge hempen stoppers oy^r the cable, which 
was speedily attached to a fiye-inch rope, and haying been 
released from the tenacious grasp of the grapnel, was hauled 
in by the machine after cutting away the western end of the 
bight. , 

Fig. 91.— Diagram showing final arrangement for picking up cable oi 1865. 




A, Point where cable was buoyed to east by Great Eastern. 

B, Point where cable was broken by Medway, 
c. Bight of cable brought to surface. 

The precious cable end was carefully led into the instrument 
room, where Mr. Willoughby Smith applied the tests in the 
presence of Mr. Cyrus Field, Mr. Canning, Mr. Clifford, Capt. 
Anderson, Prof. Thomson, Capt. Hamilton, Mr. Gk)och, Mr. 
Deane, and others. In a few minutes their suspense was re- 
lieved by their tests showing the cable in good order, and 
immediately afterwards the answering signals arrived from the 
Telegraph Oifice at Valentia, and were received with loud 
cheers that re-echoed throughout the ship. 

Let us now look at those patiently watching day after day, 
night after night, in the wooden telegraph cabin on shore. 
Such a length of time had elapsed since the picking-up expedi- 
tion left Newfoundland, that the staff at Foilhommerum were 
almost hoping against hope. Suddenly, on Sunday morning 
the 2nd Sept., at a quarter to six, while the tiny ray of light 
from the reflecting galvanometer was being watched, the 
operator observed it move to and fro upon the scale. A few 
minutes afterwards the unsteady flickering was changed to co- 
herency; the long speechless cable began to talk; and the 
. joyful assuTance arrived : " Canning to Glass, Valentia. I have 
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much pleasure in speaking to you through the 1865 cable. 
Just going to make splice." 

The glad tidings were also sent from the ship vid Yalentia to 
London, Newfoundland, and New York; so that for the first 
time it happened that men, tossed about on a stormy sea in 
utter darkness, could hold a conyersation at the same time with 
Europe and America. 

134. The cable when brought up was parti-coloured like a 
snake, half grey with the ooze of microscopic shells on which it 
had rested, and half black ; showing that it had not thoroughly 
sank into the material forming the bottom of the Atlantic, but 
had rested undisturbed and only half covered. 

After splicing the end to the spare cable on board, the rest 
was laid successfully without hitch or difficulty to Newfound- 
land, on the 8th of September ; forming the second line of com- 
munication with America. 

This cable tested upon completion eyen better than that of 
1866 ; owing to the gutta percha of the 1200 miles laid in 1865 
haying become gradually consolidated by the continued pres- 
sure of the enormous weight of water, and to the uniformly 
low temperature (about 39° Pahr.) of the bottom of the sea in 
those great depths. The cable of 1866 has also steadily im- 
proved in insulation since it was laid, until now both cables test 
nearly equal. 

Nothing, in fact, could be more favourable to the longevity 
of a submarine cable than these conditions, coupled with the 
level shell-strewn bottom and utter absence of motion in the 
lower waters of the Atlantic ; and as the first cables laid nearly 
sixteen years ago have been found to last to the present time, 
with the gutta percha covering their wires as good and fresh 
as when laid, there appears no valid reason why any limit 
should be put upon the longevity of the two American cables, 
laid as they are utterly out of harm's way. In addition to this 
the wonderful result of the last expedition has proved that, 
cables," if injured, can be recovered from the greatest ocean 
depths ; giving an assurance of permanent working — since re- 
pairs are practicable — and hence of a permanent value which 
such lines did not previously possess. Before this successful 
operation the grave doubt always arose : *' But if it breaks, is 
not the injury irremediable ? " Now, however, electrical science 
points out the exact distance of any £a,ult from land, and as 
surely engineering skill can be brought to bear to set it right 
again. 

135. To show how thoroughly perfect their insulation is, Mr. 
Latimer Olark had the extremities of the two conducting wires 
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wliicli now stretch across the Atlantic joined together in New- 
fonndland, so as to form an immense unbroken loop-line of 
3700 miles. He then put some acid in a lady's silver thimble 
with a small piece of zinc and another of copper; and by this- 
simple agency he actually succeeded in passing signals through 
the entire length of both cables in little more than a second of 
time. Of course the success of an experiment like this was 
possible only with a conductor as large and as wonderfully per- 
fect in insulation as that of the Atlantic cables. The feat, how- 
ever, forms a strange contrast to the enormous electrical power 
used in working the cable of 1858, when at first the intense 
secondary currents derived from the inductive action of 50 cells, 
of a very large battery were employed ; and afterwards a power 
equal to 500 cells, producing a current almost akin in its effects- 
to lightmng ! There is no doubt that with the comparatively 
small conductor and poor insulation of the 1858 cable, an un- 
usually high power was requisite to drive the signals through 
in tolerably quick succession to form messages ; but this ener- 
getic force soon wrought destruction to the very channel through 
which it passed, much as its prototype lightning blasts and 
destro3rs the conducting fibres of the tree by which it is con- 
veyed to the earth. 

136. In the practical working of the present Atlantic cables 
only 20 cells are usually employed, and as it was considered 
necessary to dear the cable of each signal promptly to allow 
the next to go through, various forms of compensating keys, 
were devised by Sir Charles Bright, Sir William Thomson, 
Mr. Whitehouse, Mr. Varley, and the writer. It is found in 
practice that, instead of first sending a positive current of suffi- 
cient duration to produce the signal, and then blotting out the 
residual electricity it leaves behind in the cable by an equal 
negative current, it is better to transmit in rapid succession a 
series of opposite currents of very small duration. By this plan 
the cable is cleared much more rapidly, and consequently an 
increased speed attained for messages. 

Fig. 92 shows the arrangement of one of these keys, which i» 
technically known as the "curb key," from curbing the suc- 
cessive currents. The apparatus consists of the key N, which 
when at rest locks the cam B by means of the detent o. On the 
key being pressed down it lifts the detent and allows the cam, 
which is attached to an axle driven by clockwork, to revolve. A& 
the cam rotates projections from it successively raise and release 
contact springs, putting the battery poles in circuit with the 
cable and earth alternately in opposite directions, and each 
contact is thus maintained for the exact time necessary to 
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mined by experiment, and are varied witli the nature of the 
B^nai to be produced. 

If, for instance, a dot and dasli alphabet similar to the Morse 
recording syBtem is used, two keys are employed, one releamng 
a cam to make a dot by means of compensating currents of 
short dnration, say 5 per ceat. ; and the other a cam arranged 
to bansmit Oie long mark, or dash, by contacts of longer 
- dnratioa, say 20 per cent. 

Tb% stiengtli of the signals may also be varied by applying a 
greater or less battery power, and thus four distinct effects may 
be shown at the distant end of the cable: for instance, (1) a 
feeble signal of short duration and positive sign ; (2) a m'iniliir 
agnal of negative sign ; (3) a signal of greater strength or 
dmation, and of positive ^gn ; (4) a mgnal similar to that last 
mentioned, and negative in sign. Of course an alphabet in 
Thioh four signs take part can be composed of a much shorter 
•eriee of combinations, than one in the c<mstruction of which 
only two ragns take part. 

The high state of insulation and conductivity of the cables is 
BOoh, however, that it has not been found necessary to use any 
complicated form of sending apparatus such as the curb-key; 
bat the ordinary recording keys are used instead, with a set of 
oond«k^ng plates in circuit. 

At first the cables were worked slowly and at a rate of about 
ei^t words per minute, but this soon improved as the staff 
became more accustomed to the apparatus, and has steadily in- 
creased up to fifteen, aad even seventeen words per minute on 
eaoh cable. 

In OTder to reduce the efiect of earth currants (or thoso 
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resnltmg from terrestrial magnetism), wliicli frequently flow 
strongly in various directions and interfere somewhat with 
signalling, the earth connections of the cables have been carried 
several miles out to sea by means of short independent lengths 
of cable. The more equable temperature and small magnetic 
variation of the sea have thus diminished greatly the earth 
currents passing through the cables. 

137. The charge for transmission was at first restrictive, the 
company being fearfril of blocking up the cables. For three 
months the tariff was 201, for a message of 20 words ; but not- 
withstanding this almost prohibitory rate of 12. per word, 
several messages exceeding 800 words each were sent ; one con- 
veying a report for the ** New York Herald," of the fight for 
the Championship between Mace and Gbss; and another a 
verbatim copy of the King of Prussia's speech to the German. 
Parliament after the conclusion of peace with Austria. The 
birth of a son was also announced in the London ** Times," 
*' by Atlantic telegraph," the happy event having taken place 
at New York a day or two before. The tariff was reduced on 
the 1st of November to 102. per message of 20 words. 

138. Upon the return of the Great Eastern and other vessels to 
England, public dinners were given to Messrs. G-lass, Canning, 
Clifford, Anderson, Prof. Thomson, Moriarty, and others con- 
nected with the expedition ; and her Majesty recognised their 
great services by conferring knighthood and other honours upon 
some of those most prominently engaged in the undertaking. 
Of so much importance, indeed, was the Atlantic telegraph con- 
sidered, that it formed a prominent topic of the Queen's Speech 
upon proroguing Parliament, as the following extract shows :— 

'*Her Majesty has great satisfaction in congratulating the country and 
the world at large on the successful accomplishment of the great design 
of connecting Europe and America by the means of an electric telegraph. 
It is hardly possible to anticipate the full extent of the benefits which 
may be conferred on the human race by this signal triumph of scientific 
enterprise, and her Majesty has pleasure in expressing her deep sense 
of what is due to the private company which, in spite of repeated failure 
and discouragement, has at length for the second time succeeded in esta- 
blishing direct communication between the two continents. Her Majesty 
trusts that no impediment may occur to interrupt the success of this 
great undertaking, calculated, as it undoubtedly is, to cement yet closer 
the ties which bind her Majesty's North American colonies to their mother 
country, and to promote the unrestricted intercourse and friendly feeling 
which it is most desirable should subsist between her Majesty's dominioxiB 
and Ihe great Republic of the United States." 

139. Since the opening of the cables the Astronomer Boyal 
arranged with the Electric and Magnetic companies for the use 
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of a througli -wire from Greenwich to Valentia ; and in concert 
with Dr. Gould carn0d on a series of experiments between the 
Boyal Observatory and the station at Poilhommerum, and 
thence through the Atlantio cables to Newfoundland and the 
American stations, in order to determine the exact longitude of 
places upon the American continent, so as absolutely to verify 
or correct previous calculations. These experiments were suc- 
cessfully carried out during November, 1866. 

140. To show how exceedingly small an electric charge may 
be made to produce signals through the Atlantic cables; during 
the experiments carried on by Dr. Gould at Valentia, Mr, 
Oollett, the superintendent at Newfoundland, actually sent a 
message with a battery composed of a cop^per percuMum cap and 
a small strip of zinc^ which were excited hy a drop of addtdated 
water the simple hulk of a tear ! 
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HI. IlMdl* aod acoDstio inBtrnmenU.— 142. Memn. Cooke and Vlint- 
itona'a doable uid aingle needle. — 143. Higbton'i needla. — 111. 
Henlej'B magnelio needle.— 145. Bright's acoiutio.— llS. Bn^et'* 
kngle indicator. 

141. In entering tipoD a consideratioii of the vaiions kinds of 
telegraphic instrameata in nee, it haa appeared deedrable to 
claesiiy them ; first, describing Aose producing signs by the com- 
binationB of moTements of magiietised needles or beats of bells ; 
secondlj, apparatus making conventional marks upon paper; 
thirdly, instnunenta indicating Ute letters of the alphabet apon , 
a dial, by tlte step-by-step movenient of a pointer or indeiz; 
fourthly, apparatus contrived to actually print the letters of Uie 
alphabet upon paper. The second, third, and fourth daeses are 
necessarily much more complicated than the first, reqairing 
escapements or trains of wheels to work them ; and, therefore, 
the more simple forms are those first dealt with. 

These different methods of oonununioating ore applicable to 
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tihe 'varied conditioiis imder wliich they are required ; those of a 
aimple and inexpensiye kind are specially adapted for railway 
pniposes and minor stations, where the operators are railway 
porters or clerks not possessed of the amount of knowledge 
xequifiite for taking charge of and regulating the more complex 
apparatus in use on important circuits, where large numbers of 
messages haye to be transmitted daily, and where there are 
jikilled mechanics at hand to set right any derangement. 

It may be taken as a rule that when simplicity is combined 
with a lugh speed of transmission and accuracy, the apparatus 
becomes the more capable of general application. 

The telegraphic instruments used to a large extent on the 
railways and at the minor stations in this country, are galvano- 
meters, which make their signals by means of the deflections of 
magnetic needles, produced by the electric current. 

These instruments are of two forms, the first, and most simple, 
consisting of one needle with its accessories, and the other of 
two independent needles, each accompanied by its own ap- 
pendages. They are modifications of Messrs. Cooke and 
"Wheatstone's first telegraphs. 

THB SINGLE NEEDLE INSTBUMEXT. 

142. This instrument consists of a galvanometer and a com- 
mutator, mounted in a case resembling in form and size that of 
an ordinary table time-piece. 

A front view of it is given in fig. 94. On the upper part is a 
dial, in the centre of which the indicating needle appears, like 
the hand of a clock, fixed upon an axis. Its play to the right 
and left is limited by two ivory studs inserted in the face of the 
dial, a short distance on each side of its upper arm. 

The handle which works the commutator, also fixed upon an 
axis, is presented at the lower part of the case, under the dial. 

Upon the dial are engraved the letters of the alphabet, the 
ten numerals, and one or two arbitrary symbols, under each of 
wliich is engraved a mark, indicating the motions of the needle, 
by which the letter or figure is expressed. 

The galvanometer is attached to the back of the dial, the axis 
of its magnetic needle passing through the dial, and carrying 
the indicating needle in front. 

The latter is also usually magnetic, its poles being reversed 
in their direction with relation to those of the interior needle, 
the efifect of which is, that the current transmitted through th& 
galvanometer has a tendency to deflect both needles in the same 
direction. The indicating needle, however, need not be mag- 
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netic. If it be sufficiently light, being free from magnetism, it 
will be carried by the axis to the right or left against the studs, 
by the deflections of the galyanometric needle which plays 

within tl^e coils of the gal- 
yanometer, to which it is 
always parallel. 

In connection with the in- 
strument there are, as usual, 
an alarum and a galyanio 
battery. 

By the commutator, ttie 
current produced by the bat- 
tery may be transmitted upon 
the line-wire, or suspended 
or reversed in its dimstion, 
according to the poedtion 
giyen to the handle. If llie 
handle be vertical, as repre- 
sented in the figure, the 
current is suspended, the 
arrangement of the commu- 
tator being then such as to 
cut off all communication 
between the battery and the 
line- wire. If the upper aim 
of the handle be tiuned to 
- the right, the battery will 

Fig. 94.— Single needle telegraph. Cooke be Connected with the linO- 
and Wheatstone. • -l* i_ ji* i 

Wire, on which accordingly 
the current will be transmitted. If the upper arm be turned 
to the left, the battery will stiU be connected with the line- 
wire, but with its poles reversed, so that the direction of the 
current on the line-wire will be reversed. 

To comprehend the practical operation of the instrument, we 
are to consider that similar instruments, with similar accesso- 
ries, are placed at each of the stations between which despatches 
are to be transmitted. To render the explanation more dear, 
let s and s', fig. 95, be the two stations, o and o' the dials, 
and (/ the handles of the commutators, and B and b' the gal- 
vanic batteries. If it be intended to send a despatch from s' to 
s, the arm of the commutator, 0, is left in its vertical position, 
so that no current can pass from the battery, B, to tiie line- 
wire, L. When the arm of cK is vertical, no current can pass 
from b' to l, and consequently the needle of o will remain in 
the vertical direction, without deflection. If the upper arm of d 
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be' ffomed to the right, r, the current from b' passing along l, 
wQl flow through the coil of the galvanometer at s, and will 
deflect the indicating needle to the right, so that it will lean 
upon the right hand stud, B. If (/ be tiien turned back to the 

Fig. 95. J9; 
L 
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YGrtical direction, the current will be suspended, and the needle 
at B wiy. return to the point o. If the upper arm of c' be then 
tamed to the leffc, Z, the current will be again transmitted upon 
the line-wire, l, but in a direction contrary to its former course ; 
and thus passing through the galvanometer at s, in a contrary 
direction, the needle, which was before deflected to the right 
band stud, b, will now be deflected to the left hand stud, L. 

Thus, it appears that, according as the upper Eurm of o^ is 
tamed to the right or left, or placed in the vertical position, the 
needle on the dial at s is also turned to the right or left, or 
placed in the vertical position. 

In a word, whatever position is given to the handle of the 
oommutator at s', a corresponding position is assumed by the 
indicating needle at s, and these changes of position of the indi- 
cating needle at s are absolutely simultaneous with the changes 
of position of the handle of the commutator at s'. 

The manner of expressing the letters and figures is by making 
repeated deflections of the needle right and left, making a short 
pause at the end of each letter-signal. Thus, two deflections to 
the lefb express A ; three, B ; four, o ; while one expresses the 
completion of a word. One to the right expresses M ; two, N ; 
three, o ,* and four, p. In the same manner, l is expressed by 
four deflections, which axe, successively, right, leffc, right, and 
lefb. 

As these signs are purely arbitrary, and may be changed in 
every independent telegraph, it is not necessary here to notice 
them*fiirther. 

Besides the signals which express letters and figures, it is usual 
to adopt others to express words or phrases of very frequent 
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occTurence, such as, ''I don't imderstand/' *' I Tinderstand," 
" Wait," " Go on," " Eepeat," &c. 

It is usual, though not necessary, for the agent who sends a 
despatch, to pass the current through his own instrument, so 
that his indicating needle shows exactly the same deflections as 
the indicating needle of the station he addresses. Thus, when s' 
addresses s, his own indicating needle, o', speaks as well as the 
indicator, o, of the station, s. 

All that has been stated of the transmission of the same 
despatch through a series of stations, of cutting off the trans- 
mission from all stations except that to which it is exclusiyely 
addressed, of the use of the alarum, &c., is applicable, without 
any important modification, to this form of telegraphic instru- 
ment. 

THE DOUBLE NEEDLE TELEGBAPH. 

This is nothing more than two single needle telegraphs, 
such as has been just explained, mounted in the same case, 
their indicating needles playing side by side upon the same 
dial, and the handles of their commutators placed so that they 
can be conyeniently worked at the same time, by the right and 
leffc hand of the telegraphic agent. Each instrument is alto- 
gether independent of the other, haying separate accessories, 
and transmitting its current upon a separate line- wire; and, 
therefore, twice the expenditure in the construction and main- 
tenance of wires is required in the use of the double-needle 
apparatus, as compared with those instruments which are worked 
through a single wire ; while it has been found in practice that 
the increase of speed obtained from the use of two wires in one 
instrument is not proportionately greater. For this reason, the 
use of the double-needle apparatus has much decreased, and 
would probably be altogether discontinued but for many of the 
railway employes being accustomed to the interpretation of its 
signals. It is a far more difficult instrument to learn than the 
single-wire telegraphs, owing to the necessity for the moyements 
of both needles to be noted at the same time by the eyes of the 
clerk. 

The purpose of this form of instrument is merely to accelerate 
the transmission of despatches, by enabling the agent to produce 
the signals expressing letters and figures in more rapid suc- 
cession. In the single instrument there are only two signs 
made by one deflection of the needles, yiz., a deflection to the 
right and one to the leffc. In the double instrument there are 
eight such signs, yiz., two with each needle, as in the single 
instrument, and four obtained by combining the deflections of 



DOUBLE NEEDLE INSTRUMENT. 



148 



the two needles. Thus, if o express the position of the needle 
without deflection, r a right hand, and I a left hand deflection, 
and B the right hand, and L the left hand needle, the following 
eight signals may be made in the time of a single motion of 
ei^er needle : — 

Pig. 96. 
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With a single needle two deflections can only make four 
signals, yiz., rr,ll,rl,l r. But with two needles, these being 
combined with single deflections and with each other, a greater 
number of different signals can be obtained than are sufficient 
to express the letters and numerals, each being made in the 
time necessary for two deflections of a single needle. 

A front yiew of a double-needle telegraph is given in the 
figure at the head of Chapter I. 

The small case at the top contains the alarum, and the small 
handle at the side of the large case is the commutator by which 
the current is turned on and off the alarum. The two large 
handles which appear in front are those of the commutators, 
which produce the changes of direction of the current, and when 
inclined to the right or left the needles acted on by the current 
assume a like position. 

143. A modification of Messrs. Cooke and Wheatstone's single 
needle instrument was introduced by the late Mr. Highton, 
which was brought into considerable use. In his apparatus a 
circular magnet and coil were employed, in order to reduce the 
vibration arising affcer the movement of the long needles adopted 
by Messrs. Cooke and Wheatstone. 
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144. The British and Irish Uognetio Tel^raph Compaiiy, at 
fitat retaming tiie needle-indicators generally nsed in England, 
employed the magneto-electric in place of the voltaic cnneat on 
many of theii lines. The iiiHtruments they adopted are those 




which wera patented by UesBrs. Henley and Forster, with Bome 
modifications introdnced by Uessrs. Bngbt. 

This form of telegraph is shown in fig. 97. 

The current is produced by electro-magnets, whose poles are 
moved in close pioximity with those of stnmg compound per- 
manent magnets. Theee latter are repreeenfed at a. (fig. 97). 
At their poles a straight piece of soft iron is placed, by the in- 
ductire influence of which the magnetism of the several bars 
composing the compound magnet is collected and combined. 
The elecfm-magnets are formed in the usnal way, and are 
monnted on centres on which they are turned by levera, which 
project from either side of the case, so that the agent can work 
one with each hand. 

When these lerera are pressed dovn, the electro-magnets are 
reversed in the relation of their poles to those of the permanent 
magnets, and momentary currents are tranmnitted on the ocm- 
dnoting wires; and when the levers are observed to liee to 
their former position, momentary currents are again transmit- 
ted, but in a contrary direction. 

TEE ACOUSTIO TELEgRAJH. 

143. The ordinary double-needle telegiaph, described at Qia 
commencement of this chapt«i, baa given way to the Uorse 
recording instrument on all the important lines of the Mectrio 
Company ; and, in like manner, the acoustic telegraph, an im- 
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proved method of signalling by sound, instead of by visual signals, 
introduced in 1854 by Messrs. Bright, has superseded the double- 
needle magnetic instrument on the British and Magnetic wires. 
Dr. Noad, in his "Manual of Electricity," refers to this im- 
provement as follows : — " Under the ordmary system of tele- 
graphing, it is necessary to employ a transcriber to write down 
the words as interpreted from the visual signals and dictated to 
him by the receiving operator, whose eyes being fixed on the 
rapidly-moving needles, could not be engaged in conjunction 
with his hands in writing. It was found that, owing to the 
frequent occurrence of words of nearly similar sound, the tran- 
scriber sometimes unavoidably misunderstood the meaning of 

Fig. 98. 




the receiving operator, and altered the sense of the despatch by 
writing the wrong word. Such words as two, too, to ; four, 
for ; hour, our ; may, for instance, be very easily confounded.'* 
Such errors cannot, however, arise when the derk who has 
heard each word pass through the acoustic telegraph, letter by 
letter, is able, from his eyes being at liberty, to write what h» 
has received without the aid of an amanuensis. Besides the 
saving in staff and in mistakes, any injury to the eyes of the 
clerks is prevented, and an appeal is made to an organ fax better 
capable of endurance and accurate interpretation. 

The acoustic apparatus used is very simple, consisting of a. 
hammer in connection with a lever, which is acted upon by 
every polarisation of a set of electro-magnets V^ "^^^ \s3ff:^ 
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carrent, and thereupon strikes a small bell. A pair of thaae 
bells are connected to each wire ; one bell is struck upon the 
passage of the positive, and the other of the negatiye current^ 
the alphabet being readily formed by the difiEiarence in their 
tone and the number of beats. 

The nature of this apparatus is shown in fig. 98, whero a 
represents the hammer of the bell, held back to a stop by a 
flexible spring. The rod of the hammer is fixed to the jnto- 
jecting horns of the moveable soft; iron core of an electro- 
magnet 2/. The electro-magnet ^ is fixed opposite to a horae- 
fihoe electro-magnet h; and the connections are so arranged 
that on the current passing £rom the relay, the electro-magnets 
are polarised with their opposite poles to one another. Upon a 
current passing, the bell is at once struck, and the bell being 
muffled so as to produce a short sound, the blow may be 
repeated as rapidly as desired without any vibration from one 
sound interfering with that succeeding it. One bell is placed 
on one side, and one on the other of the derk. 

A local battery supplies the mechanical power required to 
strike the bells. The battery is put in connection with either 
beH according to the current, positive or negative, passed 
through a relay, the arrangement of whicH is shown in fig. 93. 

The keys with which currents are sent to work this apparatus 
are of a simple commutating form. By pressing down one key 
the current is made to pass in one direction, and in the reverse 
when the other key is used. 

This form of telegraph, like the Morse instruments, only re- 
quires one wire ; but in point of speed it has a great advantage, 
as it utilises both positive and negative currents, while the 
Morse is only available for one current. The alphabet of the 
Morse system is composed of dots and long marks, the long 
mark being produced by holding on the current with the 
sending key about three times the length of the dot ; but in the 
acoustic telegraph the two signs, requisite in their combination 
to form the alphabet, are produced by beats on the two 
differently pitched beUs; each beat being the equivalent in 
time to a dot on the Morse instrument, so that the aooustio 
alphabet only occupies about half the time of the Morse. 

This is found to be practically arrived at on the busy lines of 
the Magnetic Company, where a speed of 35 to 40 words per 
minute is frequently attained on long despatches transmitted 
upon a single wire by the acoustic apparatus. 

In forming the alphabet the most simple combinations of 
beats are used to express those letters most frequently re- 
guired. 
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146. When the establishment of lines of electric telegraphs 
was proposed in France, the old aerial telegraph was, and had 
been for more than half a century, in operation, and formed a 
department in the public administration of considerable im- 
portance, employing an extensive body of agents, dispersed 
throughout the country, most of whom were specially instructed 
and qualified for the business. 

The commission appointed by the government required that 
the electro-telegraphic instruments should exhibit the same 
signals as had been already used in the case of the former tele- 
graph. 

The old telegraph consisted of a long straight bar, B b', 
fig. 99, called a regulator, to the extremities of which two 
shorter bars, r r', called indicators, were attached by pins or 
pivots, so that each indicator was capable of turning on its 
pivot, so as to make any desired angle with the regulator. 



Fig. 99. 




VTSZ 



If we suppose the circle described by each indicator to be 
divided into eight equal arcs of 45°, and that any convenient 
mechanism is provided, by which the agent who conveys the 
signals can at will give to each indicator any of these eight 
positions, each indicator would be capable of making eight 
signals, and by combining these in pairs, the two indicators 
worked together would be capable of giving sixty-four signals. 

It is evident that even this large number of signals might be 
further multiplied, by giving to the regulator itself a motion 
round its centre, so that it might at will assume the horizontal 
or vertical position, or might take an intermediate direction. 

In transferring this system of signals to the electric tele- 
graph, the regulator is supposed to be placed permanently hori- 
zontal, and the two indicators to be capable of receiving any of 
the eight positions here explained. 

The telegraph contrived by M. Breguet, to exhibit such a 
system of signals, consists, like the double needle telegraph, 
of two distinct and perfectly similar instruments, one for each 
of the indicators. They are mounted side by side with their 
accessories in the same case, at a distance apart sufficient to 
allow the indicators to revolve without mutual obstrac^^L^^s^ 
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sufficiently near each other to allow flie Bama person to work 
both at tlio same time with hia right and left hand. 

Each instrument congtsts of an indicating appaiatua and a 
commutator, 

A view of the indicating apparatua ia given in fig. 100. Tha 
two indicatora are fixed upon asea placed in the same hxxa- 




zontal line upon the diaL These axes, passing through the 
dial, carry behind it two escapement wheels, which are con- 
trolled hy two ajichors acted upon by the armaturea <tf two 
electro-magnets, from which they receive vibratitms, like thoss 
of a pendulum. The escapement wheels are impaled by ths 
force of two main-springa, transmitted to them by two trimilur 
trains of clo4^-work. 

Thus, fbr each swing of the anchor, the indicator makes one 
motion forward, and as the escapement wheels have each imly 
four teeth at equal distances, one complete revolution <^ thsss 
wheels most cause the indicators to make a complete revolotian 
by eight distinct motions, produced by the fbur swings of tba 
anchor to the right, and the four swings to the left. 

Ihuing a revolution of each of the escapement wheels, there- 
fore, each of tie indicators takes successively the eight poaitiooB 
required in the proposed system of signals, and since the motions 
of the indicators are governed by the auchois, those of the 
anchors by the armatures of the electro -magnets, and ttioee 
of the electro-magnets by the successive pulsations of the 
electric current, it follows that if it can be contrived tbat com- 
mutators at one of the stations shall govern tiio pulsatdons c^ 
the current at the other, tliey will necessarily govern the motion 
of the indicators at that other station. 
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At the upper comers, rigbt and left of the front of tbe case; 
^re two dials, in the centre of which are axee, which, act, whea 
turned, upon the apringa which draw back the armatureB of the 
two eleotm-magnets, ^d near tliem keys for their adjoatment 
are suspended by chains. The springa ara raised or relaxed, 
according as the keys ate turaed m the one diiectioii or the 

Under the indicating arms are two axes with square ends, by 
which the two systems of clock-work can he wound up, which is 
done by the some keys. 

It remains, therefbro, to show the manner in which the 
pnlsations of the current ate goyemed by the commutator. 

One of the commutators is represented in fig. 101. 

The handle u is fixed upon an axis which turns in the centre 
of a fixed disc i>, the edge of which is divided into eight equal 
parts by small notohes. A short 
pn projects from the handle h 
which foils snccessively into 
these notches, but whii^ can be 
withdrawn from them when it 
is required to torn it. On the 
remote end of this axis a disc 
is fixed, which turns with it, in 
the fece of which a square 
groove is cat, rounded at the 
comers, in which a pin project- 
ing from a short lever t ia 
moved. This lever I is fixed on 
the axis o o, upon the other end 
of which is fixed the lever l, 
the lower end of which carries a 
small piece of metal r, which, 
when the lever vibrates r^ht 
and left, is thrown alternately 
against the contact-piece s and 

K'. 

Supposing that the commu- „ „, „ ^, 
tator is placed at the station 8, ^- "i-S»<ii^ ^pp*"'-"- 
•Qte lino-wiie which comes from tlie station a' enters the foot, and 
is held there by a tightening screw X. This wiie is in metallio 
oonnection, through the pillar, witii the lever l, and conso- 
qxiently with the piece of metal at its lower end, which oscUlates 
between the contact-pieces k and k'. This piece of metal, r, 
may therefore be considetod ee virtually the extremity of the 
oondneting wire between the atationa S ami ft' . 
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Attached in like manner, by tdghtening-screws, to the two 
contact-pieces k and k' are two wires, one of which is connected 
with the battery, and the other with one end of the coil-wire ot 
the electro-magnet, in the indicating instrument of the efifcatLon. 
The other end of this coil-wire is either connected with the 
line-wire which proceeds to the succeeding station, or with the 
earth, at the option of the agent, a commutator being provided 
by which this change of direction may be made. 

The arrangement of the apparatus is such, that when the 
handle M of the commutator is presented y^rtically upwards, as 
represented in the figure, the pin being in the highest notch, 
the ieyer L presses against the contact-piece K. 

Let the highest notch be supposed to be numbered 1, and ihe 
others proceeding round the disc, in the direction of the motion 
of the hand of a dock, be nxmibered successiyely 2, 3, 4, 5, 6, 
7, and 8. 

The arm M being, as represented in the figure, in the notch 1, 
let it be moved to the notch 2. The Ieyer L being moyed to the 
right, the piece r wiU be thrown upon K^ Being then in con- 
nection witii the battery-wire, the current will pass by r and L 
to A, and thence by the line- wire to the correspondmg point 
of the commutator at the distant station, and thence through 
the pillar to the Ieyer iJ and the piece /. But since, as has 
been just explained, m' is in the notch 1', the piece r^ must rest 
against K. The current, therefore, arriving at this point, will 
pass from K by the wire to the coil of the distant instrument to 
which it will impart magnetism, so that it will attract the 
armature, and move the anchor of the escapement, so as to 
make the indicator move from the vertical position 45° in the 
direction of the hand of a clock. 

If the handle M be now moved from notch 2 to notch 3, the 
lever l will be thrown back to K, and the contact with k' being 
broken, the current will be suspended, and the electro-magnet 
at s' losing its power, the armature will recoil from it by the 
action of the spring, and the anchor of the escapement being 
again moved, the indicator will be advanced through another 
angle of 45°, and will be then in the horizontal position pointing 
to the right. 

In like manner, it may be shown that when the arm Mis 
moyed from the notch 3 to the notch 4, the indicator will be 
moyed from the horizontal position to one which will make an 
angle of 135°, with its original direction, or what is the same, 
45°, with the position in which it would point directly down- 
wards. 

From, what has been explained, the process necessary, as well 
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for receiying as for transmittixig a despatch will be understood. 
In the reception of a despatch, the agent has only to place the 
handle of his commutator in notch ]., and to see that his indi- 
cator is verticaL After that he has only to observe the succes- 
edye attitudes assumed by the two indicators upon the dial 
before him, and to write down the letters they successively 
express. 

Since this form of telegraph gives 64 signs, while 26 are suffi- 
cient for the alphabet, and 10 for the numerals, there are 24 
signs disposable for abridgments, such as syllables, words, and 
phrases of most frequent occurrence. 

The battery employed in working these telegraphs is at pre- 
sent invariably that of Daniel. Formerly Bunsen's battery 
was used at chief stations, where great power is often required, 
but this has now been discontinued. 

Between the point k' and the battery a commutator is placed, 
by means of which the agent can bring into action a greater or 
less number of the pairs composing the battery, so as to pro- 
portion the power to the distance to which the current is to be 
transmitted, or to the resistance it may have to overcome. 




CHAPTER XI. 
BIQHALLIHa APPAEATUa-«mrin««i. 



147. Wb now come to the recording telegraphs, one of which, 
-that invented by Prof. Morse, and the first telegraph of the 
TJiiit«d States, is &r more extensively need than any other in- 
Btniment; having been adopted generally ia Europe, and to a 
considerable extent in England, besides being nearly ezchi- 
sively used tbronghont the TJnited States. 

Althongh it utilises the electric cunent in one direction only 
instead of ia both, and is not tberefore so quick in signalling as 
apparatus in which both cuiTente are turned te account, yet the 
simplicity of airangement and strength of mechanism of this 
instmment ate such that it has become a genei^ favourite. 

A diagram of the instrument in its most usual form is given 
in fig. 102. 

ic is the electro-magnet ; h is an armature working on the 
centra c; t an adjusting screw te limit the play of the armature, 
and prevent ito contact with the electro-m^net tAp; d another 
adjusting screw te limit ite play in the other direction; t a 
metallic style which marks by presenre a band or ribbon of 
paper drawn from the roU s, and carried between the rollers o 
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and o'; P the ribbon of paper discbarged jfrom the rollers o o', 
after being impressed by t with the telegraphic characters ; i, 
h, &c., clockwork from which the rollors o d receive their 
motion, by which motion the ribbon of paper is drawn from the 
roller K ; / the spring which draws the arm H of the electro- 
magnet from the armature ; s s the upright pieces supporting 
the clockwork ; B B the base supporting the instrument ; D, the 
key commutator, by which the current transmitted along the 
line- wire is alternately transmitted and suspended; m, w, m' 
n'y wires by which the coil of the electro-magnet and the poles 
of the station battery are put ^in connection with the line- wires. 

The general principle of this and aU similar apparatus has 
been already so folly explained, that little more need be said 
here to render it intelligible. If it be desired to transmit a 
despatch to a distant station, the battery at the transmitting 
station is put in communication with the line-wire, and by the 
action of the key D the current is alternately transmitted and 
suspended during longer and shorter intervals, which are deter- 
mined by the conventional telegraphic letters. The action of 
the style t against the ribbon of paper which passes over it at 
the station receiving the despatch, corresponds exactly with the 
action of the key D at the station from which the despatch is 
transmitted ; and combinations of longer and shorter marks or 
lines and dots are produced upon the ribbon of paper by its 
pressure, as is shown in the figure. 

The particular combinations of lines and dots used to express 
the letters are obviously arbitrary. As a matter of conveiiience 
and means of expedition, the letters of most frequent occurrence 
are expressed by the most simple signs, and consequently the 
selection of signs for the different letters will vary with the 
language in which the despatch is expressed. 

The following are the telegraphic characters usually adopted 
in the Morse code : — 



A 

B 

-- - 


J 

K - 
L 


s --. 

T — 
U 


Numerals. 
1. 9 

2 


D 


M 


V 


3 


£. 


N - 


w 


4 


p 


. - 


X 


5 


G 


P 


Y 


6 


H 


Q 


Z --- - 


7 


I .- 


R - -- 


& - --- 


8 



This telegraphic apparatus being that which has been by far 
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w. A lock or gauge to regulate the preBsnie of flie rollers on 
the paper. ' 

c. The pillar mpportiug the electro-magnet. 

p. The adjusting screw paasing into the pillar, e, projecting 
through the armature, to enable the telegraphist to adjust the 
sound of the back stroke of the armature at pleaaore. 

o. The spring bar, and 

d, the screw to adjust the action of the pen lever. 
B. The apparatus for adjusting the paper rollers. 
/. The adjusting screw of the pen lever. 

The form of the relay magnet recommended, is gjven in £g. 
104 (p. 15S), in its proper size. 

A B, are tie helices or coils. 

c. The supporter of the magnet lightly strewed to 

w, the connecting bar of the magnets, 

T. Bosewood or iyory ends of magnets. 

D. Armatnre screwed to 

B, an upright levet; 

F, its axis, erurrounded by a spiral spring, to perfect the Con- 
nection in case of a &ult at the ends of the axle. 

u. The spring to produce the recoil of D and E. 

I- Its adjusting screw. 

H. An adjusting screw to limit the play of E towards the 
magnet; 

B, its point of platinum. 

&, An edjuating screw to limit tlie play of e iiam. the magnet. 

T. Jta insulatiug point, in ivory. 

n. Screws to connect with the wires of the station battery. 

F Q. Screws to connect witii the line wires. 

X, The point where the coil wire passes through 

u, the base of the magnet. 




Fig. IDS.— Moth Commutator Key. 

The fonn recommended for the key commutator is represented 
b its propel magnitude in fig, 106. When the key is held 
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1B7 



down the circuit Ls perfect. It is not liable to wear and to 
produce a doubtful connection. The wliole arrangement is de- 
signed to avoid the evila heretofore existing, and perfect erer; 
qneetioiiable part. The onTil of the key is well made, firm, and 
capable of hard 'wear, regardlesB of the adjustment of the key 
lever. The hammer of tite key lever is also firm, and made of 
good platina wire, and secuiely mads fast in the key lever. 
The adjusting screws of the aile are arranged according to thd 
best mode, to secure the most perfect action. The elevation of 
the key lever can be adjusted to suit the operator, by elevating 
the key frame, or otherwise. 

Inking apparatus has been introduced, by which the marks 
upon the paper libbon, instead of being mere indente, are 
blackened by a disc of carbon or inking roller, 

Fkomzkt'h 




ng. 106.— Fmumt^ Bseordlug InatnunBut. 

118. This apparatus is rq>resented in fig. 106. 

The paper npon which the telegraphic characters are written 
is rolled apOD the sur&ce of a drum c. The pencU b is pressed 
by a spring upon the paper. The drum is made to revolve by 
dockwork in ibe usual manner contained in the case h. If the 
paper be moved without moving the pencil, the latter vrill trace 
a stiaiglit line ; but if tlie pencil be moved to and fro by the 
action of the electro-magnet and recoil spring, a zigzag line 
will be fbrmed by the vibrationa imparted to the pencil by tho 
magnet, or what is the same, by the pulsations of tlie current. 
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To equalise the wear of itie pencil, a Blow motion of rotation 
is imparted to it by wheels adapted for that purpose. 

The comniiitaitor hy which the poleatiaQs which daterminQ 
(he signale are produced, is a wheel, at the circnmferenoe of 
which are five metallic divimona with intermediate spaces yacant, 
eo that in each revolution the current is transmitted five times, 
and suspended five times. If it be desired to produce a single 
pulsation, tlie wheel is moved through the fifth part of a lerolu- 
tion ; if it be desired to produce three pulsations it is moved 
through three-fifths of a revolution, and so on. For each pulsa- 
tion, one zigzag ia made by the pencil at the atation to which 
the deepaffh is transmitted. 

The signs adt^ted in this telegraph to express the letters, are 
various numbers and combinations of zigzag forms. 

This apparatus has been superseded. 

BAm'a £L£CTBO'CHEMICAI. TELEOSAPH. 




Fig, 107.-I 



ihemlCBl TBlegnjpli. 



149. The manner in which the decomposing power of the 
current is capable of producing written characters at a distance 
&om the hand of the writer has been already explained. 

Of the forms of telegraph in which this principle is brw^ht 
into play, the only one which has been practically applied on an 
extensive scale ia that prcgected by Hr. Alexander Bain, and 
shown in fig. 107. 
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To render this instrument understood, let us suppose a 
long strip of paper to be wetted with a solution of prussiate of 
potash, to which a little nitric and hydrochloric acid have been 
added. Let a metallic roller be provided corresponding in 
magnitude with the sheet of paper, and in communication with 
a galvanic battery so as to form its negative pole. Let a piece 
of steel or copper wire forming a pen be put in connection with 
the same battery so as to form its positive pole. Let the strip 
of moistened paper be now laid upon the metallic roller, and let 
the steel or copper point which, forms the positive pole of the 
battery be brought into contact with it. The galvanic circuit 
being thus completed, the current will be established, the solu- 
tion with which the paper is wetted wiU be decomposed at the 
point of contact, and a blue or brown spot will appear. If the 
roUer be now moved with the paper under the pen, the con- 
tinuous succession of spots wiU form a blue or brown line, and 
characters may be thus written upon it as it were in blue or 
brown ink. 

An extremely feeble current is suflB.cient to produce this 
effect ; but it "^11 be necessary, when the strength of the cur- 
rent is very much reduced, to move the roller more slowly, so 
as to give the time necessary for the weakened current to pro- 
duce the decomposition. In short, a relation exists between the 
greatest speed of the roller which is capable of leaving a mark, 
and the strength of the current ; the stronger the current, the 
more rapidly may it be moved. 

Let us suppose tliat the galvanic circuit is completed in the 
manner customary with the electric telegraph, that is to say, 
the wire which terminates [at the point of the electro-chemical 
pen is carried from the station of arrival to the station of de- 
parture, where it is connected with the galvanic battery, and 
the returning current is formed in the usual way by the earth 
itself. When the communication between the wire and the 
^Ivanic battery at the station of departure is established, the 
current.wiU pass through the wire, "v^ be transmitted from the 
point of the electro-chemical pen to the moistened paper, and 
will make a blue or brown line on this paper. If tiie current 
were continuous and uninterrupted, tl^s line would be an un- 
broken spiral; but if the current be interrupted at iutervals, 
during each such interval the pen will cease to decompose the 
solution, and no mark will be made on the paper. If such 
interruption be frequent, the spiral, instead of being a con-* 
tinuous line, will be a broken one, cousisting of lines interrupted 
by blank spaces. If the current be allowed to act only for an 
instant of tifue, there will be a blue or brown dot uQon. t}!L<^ 
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paper ; but if it be allowed to continue during a longer interval, 
there will be a line. 

Now, if the intervals of the transmission and suspension of 
the current be regulated by any agency in operation at the 
station of departure, lines and dots corresponding precisely to 
these intervals will be produced by the electro-chemical pen on 
the paper, and will be continued regularly along the spiral line 
already described. It will be evident that characters may thus 
be produced on the prepared paper corresponding to those of 
the telegraphic alphabet already described in the case of Morse's 
telegraph, and thus the language of the communication will be 
written in these conventional symbols. 

There is no other limit to the celerity with which a message 
may be thus written, save the sufficiency of the current to effect 
the decomposition while the pen passes over the paper, and the 
power of the agency used at the station of departure to produce, 
in rapid succession, the proper intervals in the transmission 
and suspension of the current. 

The succession of intervals of transmission and suspension of 
the current on which the production of the written characters 
on the prepared paper depends, may obviously be produced by 
the key commutator ; and with that instrument at the station 
from which the despatch is transmitted, an agent can convey 
in the same manner and with the same celerity as in the case 
of the telegraph of Morse, or that of Froment ; and such is in 
fact the manner in which despatches are transmitted with this 
apparatus. 

We shall now explain the means by which a greater celerity 
may be obtained. The despatch must pass through the follow- 
ing preparatory process : — 

A narrow ribbon of paper is wound on a roller, and placed on 
an axis on which it is capable of turning so as to be regularly 
imrolled. This ribbon of paper is passed between rollers under 
a small punch, which striking upon it makes a small hole at its 
centre. This punch is worked by a simple mechanism so rapidly, 
that when it is allowed to operate without interruption on the 
paper passing before it, the holes it produces are so close to- 
gether as to leave no imperforated space between them, and 
thus is produced a continuous. perforated line. Means, however, 
are provided by which the agent who superintends the process, 
can, by a touch of the finger, suspend the action of the punch 
on the paper, so as to allow a longer interval to elapse between 
its successive strokes upon the paper. In this manner a suc- 
cession of holes are perforated in the ribbon of paper, separated 
by unperforated spaces. The manipulator, by allowing the 
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action of the piincli to contiiiue iminterrupted for two or more 
BUCcessiTe strokes, can make a linear perforation of greater or 
less length on the ribbon, and by suspending the action of the 
punch these Hnear perforations may be separated by unper- 
forated spaces. 

Thus it is evident, that being proyided with a preparatory 
apparatus of this kind, an expert agent will be able to produce 
on the ribbon of paper as it unrolls, a series of perforated dots 
and lines, and that ^ese dots and lines may be made to corres- 
pond with those of the telegraphic alphabet already described. 

Let us now imagine the message thus completely inscribed on 
the perforated ribbon of paper. This ribbon is again rolled as 
at first upon a roller, and is now placed on an axle attached to 
the machinery of the telegraph. 

The extremity of the perforated ribbon B at which the message 
commences is now carried over a metaUic roller B, which is in 
connexion with the positiye pole p' of the galvanic battery. It is 
pressed upon this roller, as represented in fig. 108, by a small 
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metallic spring p, terminating in points like the teeth of a comb, 
the breadth of which is less than that of the perforations in the 
paper. This metallic spring is connected with the conducting 
wire which passes from the station of departure to the station of 
arrival. When the metallic spring faUs into the perforations of 
the ribbon of paper as the latter passes over ^e roller, the 
galvanic circuit is completed by the metallic contact of the 
spring with the roller ; but when those parts of the ribbon which 
are not perforated pass between the spring and the roller, the 
galvanic circuit is broken and the current is interrupted. 

A motion of rotation, the speed of which can be regulated at 
discretion, is imparted to the metallic roller by clockwork or 
other means, so that the ribbon of paper is made to pass rapidly 
between it and the metallic spring, and, as it paasi^^^ t&^ 
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metallic spring £alls successiTely into the perforations on tihe 
paper. By this means the galyanic dronit is alternately com- 
pleted and broken, and the current passes during intervals 
corresponding precisely to the perforations in the paper. In this 
manner the successiye intervals of the transmission of the 
current are made to correspond .precisely with the perforated 
characters expressive of the message, and the same successioii 
of intervals of transmission and suspension will affect the 
writing apparatus at the stations of arrival in the manner 
already described. 

To the celerity with which the despatch can be written at the 
station of arrival there is no other limit than the time which is 
necessary for the electric current to produce the decomposition 
of the chemical solution with which the prepared paper is 
saturated. 

It may be asked then why this form of telegraph, affording 
as it does the means of obtaining a celerity of transmission so 
far exceeding any other that has been projected, has not been. 
universally adopted ? 

To this it may be answered that the celerity here described 
can only be attained aft;er the despatch to be transmitted has 
been marked in the pierced telegraphic characters on the ribbon 
of paper, and that the process of so marking it would not be 
more rapid, however expert the operator might be, than that 
by which the same operator would transmit the same despatdi 
directly by the key commutator, either with this telegraph or 
those previously described. If, therefore, the time necessary to 
commit the despatch in telegraphic characters to the perforated 
ribbon of paper, be included in the estimate of the time of its 
transmission from station to station, this form of telegraph is 
not only slower and consequently less efficient than the single 
needle, acoustic, or Morse, but is slower than any other form of 
telegraph whatever. 

A practical difficulty has also been found in working the 
Bain instrument at a high speed, owing to certain intervals 
being required between the communication of successive cur- 
rents to the conducting wires, and to the great amount of 
battery power required to make the marks on the chemical 
paper acted upon at the further end. This class of telegraph is 
also liable to more interference than others, from the circula- 
tion of currents of terrestrial magnetism along the wires, pro- 
ducing marks upon the paper independent of those intended to 
be communicated. 

150. A modification of the electro-chemical telegraph has 
been contrived by Mr. BakeweU, by which a despatch may be 
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transmitted to any distant station, and then deliyered in the 
handwriting of the person who transmits it. 

By this method, a person at any station, as for example at 
London, may write a oonnnumcation in characters Tiaed in 
common writing or printing on paper placed at another distant 
station, as for example at Trieste, and this writing shaU be 
traced on the paper with as much precision as if the person 
writing held the pen in his hand. 

151. This apparatus has been improyed by M. Oaselli. 

We may imagine that the electro-chemical pen placed on the 
pax)er at Trieste is extended to London, and there held and 
directed by the hand of the writer, for this it is which almost 
literally ta^es place. The conducting wire, in connection with 
that part of the electro-chemical pen which is held in the hand, 
which extends from Trieste to London, may be considered as 
only forming part of this pen, and the end of such pen at 
London, held and directed by the hand of the writer, will com- 
municate a motion to its point at Trieste, in exact corre- 
spondence with the characters formed by the hand of the 
writer. 

Thus, if the writer at London move the extremity of the con- 
ducting wire so as to write a phrase and his usual autograph, the 
point at Trieste will there inscribe on the prepared paper the 
same phrase with the same signature annexed, and the writing 
of the phrase and the signature will be identical with that of 
the writer. 

In the same manner a profile or protrait, or any other outline 
drawing, may be produced at a distance. The metiiods of accom- 
plishing this depend, like the other performances of electricity in 
this application of it, on the alternate transmission and suspen- 
sion of the current, and on its decomposing power ; but as 
they are at present more matters of curiosity than of practical 
utility, we shall not detain the reader with any more detailed 
notice of them. This form of telegraph has proyed too slow in 
operation, and too uncertain and difficult in management, to 
allow of practical application; besides which, it requires the 
apparatus to moye onward at exactly the same speed at each 
end, a result almost impossible to attain. 
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152. ProfegsOT'WbwrtsUine'i. — 163. Breunet'sCPreBijliRulirartelegraph), — 
151. Siemens' (Pniisiui). — ISG. Uppsni' (Belfiao). — IGS. pKnaenVi 
(Picneh). 

-WHEATSTONE'S AlfHABETICAL riTSTBUHXNT. 

152. The TtirionB atep-by-etep, or lettor-indicatdjig, t^egraphs 
may be said mamlyto oire their origiii to FrofeBBorWheatatone, 
vIioBO early laboiirs were mostly m this direction, and who has 
gradoally perfected his apparatoa until it has assumed the form 
now 00 extonsirely used fot domestio purposes, and espooiBlly 
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for commtuicatiiig between offioea, waieliouHes, &c. The ad- 
Tantage of Haa daea of telegraph is, that those ucaconstomed to 
its uee can read the letters aa ihej are successiTely isdicated by 
the rerolTing pointer of the receiving apparatus ; and, after a 
very short experience, can in like manner signal the letters 'with 
Ihe sending keys. 

From the nature of this form of instniment, and from the 
large numher of currents required fbr each lettei on an average, 
it is iJower in operation than the needle, acoustic, or recording 
t^legrapha. For this leason, combined with the. difB.culty of 
working it on any circuit of considerable length, the step-by- 
step indicating telegraphs have been pretty much roatrictod to 
the applicationa already mentioned. 

In 1858, Professor 'Wheatstone patented a series of improye- 




Flf . llO-'-FrofeiBor WheolAtone'i Alphabetical TBTsgraph— Sanding; Apparatus. 

mente npon the alphabetical instrument introduced by himself 
and Mr. Cooke in 1S40. The 'object of the new apparatus -was 
to attain greater steadineaa, certainty, and rapidity thaiv t>i>^ 
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been previously obtained where an index Iiand waa mored 
iBpidly, tAep by step, round an alphabetical dial. He embodied 
his ideas in a simple and yet portable form of instrumoit, 
which, from many advantages it possesses, has been very gene- 
rally adc^ted for short lines whwa it is desirable to diq>enBe 
with skilled tel^^aph clerks. 

The oorcents used to work this apparatus are magneto-electric, 
erolved from permanent magnets; and thus the ei^tense and 
trouble connected with the use of Toltaio batteries in saoh an 
arrangement, are avoided. 

The arrangement of this apparatos ia shown in figs. 109, 110, 
111, and 112. 

E%. 110 is a vertical view of the outside of the sending appa- 
ratus, showing the small finger-studs i. A. [thirty in number} 
which, wbeu pressed down, allow such a succession of currents 
to pass to the distant station aa will move round the indicator 
on tiie receiving dial to the correeponding letiKc. 

Fig. Ill is a section (side view) of the sending apparatos. 
The handle z ia used to turn a pair of electro-magnetic coils {b b) 




Appaiutua (aectloD). 



by an endless band, rapidly above the poles of a permanent steel 
magnet a. A succession of magnetic currents are thus sfflit, 
and as long as the handle is tamed, and the small finger-studs 
unmoved, the indicaters of the receivii^ dials move on st«p by 
step. On one of the studs A being depressed to the stop B, t^e 
movement of the arm g is arrested as soon as it comes round to 
the lower end o of the finger-key, and the circuit ia broken ; 
no further effect being then produced on the indicating instru- 
ment, its pointer indicates the letter upon the dial to which 
attention is directed by the pause. An arrangement is made 
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by which whon a stud is depressed it remains down until 
anottber is pressed, upon vhich the first is meohanicall; letumed 
to its formsr positioa. 

Figs. 109 and 112 shoiv the indicating apparatne and aluum. 
The indei, or pointer, is moved round by a pallet wheel acted 
upon by the alternate attraction and repulsion of two magnetic 




needles h h fixed upon an axis g, by Iho cnrrents posaed from 
the sending apparatus throngh the elsctio-magnets in the re- 
ceiring instmment. 
b, e, d, « foim the bearings, and h, i, j is an external regulator. 
,The telegraphs which conrey letters or words by conventional 
signs, like those described in the previous chapter, leqniie a 
staff of agents engaged in their management, who have been 
specify instmcted and practised, as well in working the in- 
stnuuents aa in interpreting their signs. As the railway tele- 
graphs abroad at secondary stations are not in that constant 
requisition, and consequenUy do not occupy a permanent and 
exclusive class of agents, they are managed by any persons 
who haj^ien to be employed in the respective offices : by the 
station-masters, clerks, railway police, guards, or, in short, by 
any railway agent \rtko may happen to be at band. Nov, it is 
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evident that telegraphic instruments, the use of which would 
require special instructions and much previous practice, could 
not be readily applied to such a purpose. 

These considerations prevailed with the administrations of 
the lines of railway in many parts of the Continent, and led 
them at the outset to adopt telegraphic instruments which 
satisfied these conditions more completely than the apparatus 
adopted for state and public communications. 

In general, therefore, the continental railway telegraphs axe 
of the class of alphabetical instruments. 

The French railway alphabetical instrument is in its principle 
identical with the state telegraph. The indicator in the latter, 
as described in the previous chapter, makes a complete revo- 
lution by eight successive steps, moving in each step through 
an angle of 45*". If the alphabet consisted of only eight lett^, 
this would at once become an alphabetical telegraph by fixing 
the indicator in the centre of a dial upon which, at equal dis- 
tances asxmder, the eight letters are engraved. But since the 
French alphabet consists of 25 letters, and since an additional 
sign is found convenient, the dial is divided into 26 equal 
arcs instead of 8, and the indicator makes a complete revolution 
by 26 equal motions, at the teimination of these motions re- 
spectively pointing to the letters engraved upon the dial. 

To accomplish this, the escapement wheel is constructed with 
13 teeth instead of 4, the groove upon the moveable disc of the 

commutator has 13 sinuous 
undulations instead of 4 sides 
with rounded comers, and 
the fixed disc upon which 
the handle of the commuta- 
tor moves has 26 nptches in- 
stead of 8. 

The grooved disc, by the 
motion of which the oscilla- 
tions right and left are im- 
parted to the lever which 
makes and breaks the con- 
nection with the battery, is 
fixed immediately behind 
the notched disc, and the 
sinuous groove has the form 
represented in fig. 113, and acts upon the lever Q o H by pressing 
the pin o' alternately right and left when the wheel A B is turned, 
the current being turned on and oS by springs, P, p'. 
The commutator, with its appendages, is represented in fig. 



Fig. 113. 
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114. The fixed disc has at its edge 26 notehea, into which the pin 
projecting &om the handle foils, as in the state telegraph. En- 
graved upon the face of the disc are, on the outside, the numbera 
from to 25, and oa the inside the 25 letters (W being omitted, 
no^being generally used in the French language), the 26th place 
having the mark + . 




Ifg. 114.— Brsguet's Sending Apparatiu. 

A part of the dial is broken away, to disclose the face of the 
moveable disc, -with the einuoiis groove behind the fixed disc. 
The lever o is visible, witli its pin in the groore, and the oscil- 
lation of the end of the lower arm H between the contaot-piecea, 
p and p', is exactly ttie same as that described in fig. 113. 

The handle of the commutator is keyed upon an aids which, 
passing tlmiugh the centre of the fixed dial, is itself keyed into 
tlie centre of the moveable grooved dial behind it, so tbat when 
tlie handle is carried round the fixed dial, the moveable dial 
behind is carried round wiUt it. 

Upon the upper part of the board carrying the dial are placed 
two supplementary commutators, L and l', the hands of which 
play upon the contact-pieces, a, s, ^, and S', 8', e", as well as 
upon an oblong plate of metal, upon v^oh tbe words " Couun- 
TdOATioii DiREcrE " are engraved. 

Hie terminals o and z communicate with the copper and zinc 
ends of the battery, or, what ia the same, with its positive and 
negative poles ; t communicates with tLe earth. The conteuit 
pieces s b' are connected with alarums, b b with the indii^jxio,. 
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and the axes of the arms L, l' with the line- wires. The dotted 
lines indicate the positions of slips of metal inlaid in the back 
of the frame, by which the several pieces are put in metallic 
connection one with another. 

After this general explanation of the manner in which the 
course of the current is in all cases governed, it will not be 
necessary here to explain the application of these commutating 
arrangements in other instruments of a similar character sub- 
sequently described. 

A perspective view of the commutator and indicating appa- 
ratus mounted in the same case, is given in fig. 116. The com- 
mutator is fixed upon a horizontal desk, that being the most 
convenient position for its easy and rapid manipulation. The 
indicator, which corresponds with it in form, is placed like the 
dial of a clock in front of a vertical case. 

If we suppose the commutator (fig. 114) at the station s, and 
the indicator at s', the arm of the commutator and that of. the 
indicator being upon the mark -{-, any motion of the former 
made in the direction of the hand of a clock, will produce a cor- 
responding motion of the hand of the latter, so that whatever 
letter or number the one points to, the other will at the same 
time indicate. 

By this means the agent at s may spell word after word to the 
agent at s\ 

There are various conventional signs, made by two or more 
complete turns of the handle of the commutator, which, being 
altogether arbitrary, and matters of local convenience, need not 
be noticed here. 

It is found that moderately well-practised hands can transmit 
with this instrument seven or eight words per minute, while 
the most expert can send as many as eleven or twelve words. 

A side view of the wheel- work and electro-magnet E, of the 
indicating apparatus, is given in fig. 115. 

The armature P is alternately attracted and dismissed by the 
magnet, acted on by the pulsations of the current, and imparts 
this motion to the escapement at F, by which the hand A of the 
indicator is advanced from letter to letter upon the dial, so that 
the motion of the hand A at the station s' shall correspond 
exactly with that of the hand of the commutator at the station s. 

153. The telegraph which is represented in fig. 1 16, is a portable 
telegraph constructed for the Prench railways by M. Breguet. 
This instrument, in size and arrangement, is adapted to be 
carried in the guard's van upon the train, so that, in case of 
accident, it may be immediately put in connection with the 
line-wires^ and notice of the circumstance may be instantly 
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transmitted to the two stations between which the aoddent has 
taken place. 




Fig. 116.— Breguet's Alphabetical loatraxnent (Section). 

Portable instruments for a like purpose haye been constructed 
in England and elsewhere. 

The apparatus consists of a stout oaken case, containing in the 
lower part, B B, a Daniel's battery of eighteen pairs, a commu- 
tator, M, and an indicating apparatus, B. A small galvanometer 
is placed at o, to show the existence and foroe of the current, 
and a small electro-magnet, L T. 

When not in use, Hie top, o o, attached by hinges to the case, 
can be turned down otbt the commutator and indicator, so as to 
dose the entire apparatus. 

A long rod of metal, terminated in a copper hook, is provided, 
by which the end of the coil L can be put in connection with the 
line-wire ; the end of the coil T being put in connection with the 
earth by means of a wire terminating in a small iron wedge, which 
is driven with a hammer into the joint between two of the rails. 

To explain the manner of applying this apparatus, let us 
suppose an accident to happen between the stations s and s^ 
and consequently the train to be stopped. The guard takes out 
the portable telegraph, and raising its cover, o c, he puts the 
wire of L in connection with the line- wire, and that of T within 
a joint of the rails, in the manner described above. He then 
makes one or two complete turns of the handle M of his com- 
mutator, observing whether the galvanometrio needle a is 
deflected. If it is, he knows that he has transmitted a current 
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to the bne wires This current divides itself at the hook, imd a 
part goes to each of the etations s and B at each of which it 




Fig. IIS,— BrcBueC'B Ponabls Alpbabetlisl Initniment 

linga tiie alaram. After a short interval a current is trans- 
mitted back &om one or otter of the stations, &a arrivBl of 
which is indicated by tbe deflection of the gelvanometric needle, <i> 
His goard then informs the stationa, one or both, of tlLe acci- 
dent, its place, ilie nature of the aid he leqnites, &c. 
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GEHMAir BAILWAY TELEGBAPH. 

154. The tclegrapHc apparatus used for the service of the 
Prussian railways, and for most of those of the German states, 
is one for whidi a patent was obtaiaed by M. Siemens, of 
Berlin. 

This apparatus consists of an indicating dial surrounded by 
the alphabet, upon which a hand moves similar in form and 
external appearance to the indicating dials of the alphabetical 
telegraphs already described, but placed upon a horizontal 
table, instead of being vertical as in t^e French telegraph. This 
dial is surrounded by a circtdar key-board, as shown in fig. 117, 
having as many keys like those of a piano-forte as there are 
characters upon the dial, the letter engraved upon each key 
being identical with that with which it corresponds in position 
upon the dial. 

A lever, a h, is placed upon the table, turning upon the 
centre, h, and limited in its play by two stops, T and b. When 
it is turned against T, the line-wire is put in connection with 
the indicating apparatus, and when it is turned against B, that 
wire is put in connection with an alarum. A current, therefore, 
which is transmitted along the line-wire can be made to pass 
through the indicating apparatus or through the alarum at will, 
by giving to the lever a h the one position or the other. 

The usual means are also provided by which the current may 
be allowed to pass the station without going through either the 
alarum or the indicating apparatus, or by which it may be 
stopped at the station and turned into the earth. 

When no current passes upon the line-wire, and the instru- 
ments are not in operation, the lever a & at each station along 
the line is placed against B, so that the line-wire is everywhere 
in connection with the alarum. 

If it be desired to transmit a despatch &om any station, s, the 
agent at that station puts the line-wire in connection with the 
poles of his battery, so that a current may be transmitted to all 
the stations upon the line. This current rings all the alarums, 
inasmuch as the arms a h are placed against b at all the stations. 
The agents at the stations being thus called, remove the arms 
a hy of their several instruments, and place them against the 
stops, T, the agent at the station s doing the same. 

Previously to this, when the instruments were in repose, the 
indicating hands, tz, in all of them were placed upon the division 
of the dial marked -f* ^^ moment the arms a &, or any of 
them, are placed against the stops T, the current transmii;^ 
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upon the line-wire passing through the several indicating in- 
struments, the indicating hands in all the instruments will 
commence simultaneously to move round the several dials. 
They will move from letter to letter with a starting and inter- 
rupted, but regular motion, like that of the seconds hand of a 
dock, but much more rapidly. The rate at which they are 
moved will depend on the force of the current ; but, whatever 
be the rate, it will be common to all, all making successive 
revolutions of the dial precisely in the same time, and moving 
together from letter to letter with the most absolute simul- 
taneity ; and since they all started from the same point 4~> ^t^^ 
move together from letter to letter, it follows liat, whether 
their motion be quick or slow, they will all at each moment point 
to the same letter. 

Now, it is important here to observe, that this common rota- 
tion of all the hands upon all the dials is produced and main- 
tained by the current alone, without any manipulation whatever 
on the part of any agent at any station, and it would continue 
to be maintained indefinitely, provided that the battery were 
kept in action. 

We have supposed the battery at the station s, from which 
the despatch is about to be transmitted, to be alone put into 
connection with the line-wire. But, in order to strengthen the 
current, each agent on the line, when he receives the signal, 
also puts his battery in like connection with the line- wire, so 
that the current acquires all the intensity which the combined 
action of all the batteries on the line is capable of producing. 

The apparatus is so arranged that, in all cases, the galva- 
nometer (2 is in connection with the line-wire, so as to indicate 
at all times at each station the state of the current. 

It now remains to show how a despatch can be transmitted 
from any one station to all or any of the other stations on the 
line. 

The apparatus is so constructed that if the agent at any 
station presses down any one of the keys surrounding the dial, 
the indicating needle, upon arriving at tiiat key, will be stopped ; 
and at the same moment the current upon the line-wire will 
be suspended. This suspension of the current will also, at the 
same moment, stop the motion of all the indicating hands upon 
all the dials on the line. The agents at all the stations will 
therefore see and note the letter on which the transmitting 
agent has put his finger. The transmitting agent, after a sufiBl- 
cient pause, transfers his finger to the key of the next letter he 
desires to transmit. The moment he raises his finger from the 
first key, the current is re-established on the linQ-'?ns5^^^>sA<%2^ 
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the indicating hands rotate as before, passing again simulta- 
neously &om letter to letter until they arrive at the second 
letter upon which the transmitting agent has put his finger, 
when they again stop, and so on. 

In this^nSr J^t at any station ca. stop tiie indicating 
needles at any or all the other stations successively, on their 
arrival at the letters of the words he desires to communicate. 

If by reason of inattention or otherwise any letter or let- 
ters transmitted escape the attention of the agent at any of the 
stations to which the despatch is addressed, such agent inune- 
diately signifies the fact by putting his finger on one of the keys 
of his own instrument]^ by which he stops the hand upon the 
dial of the transmitting agent at a letter, which teUs him to 
repeat the last letter or word, as the case may be. The signal 
is understood at all the other stations, so that no confusion 
ensues. 

Having thus shown how a despatch is transmitted and un- 
derstood by those to whom it is addressed, I shall now explain 
the mechanism by which these efiSacts are produced. 

Beneath the dial of each instrument an electro-magnet, such 
as m m' (fig. 118), is placed, upon the coil of which the current 
transmitted firom the batteries passes. This magnet, then, as 

usual, attracts its armature g o, which 
comes against the stop f. Now the 
^ apparatus is so arranged, that when 
g strikes f, the circuit of the current 
is broken, and consequently the cur- 
rent is stopped. This deprives the 
electro-magnet m m' of its magnetism ; 
and g being no longer attracted, it is 
^o drawn back from tiie stop if by the 
spring », and it recoils upon the stop U 
Here the connection with the line- 
wire is reproduced, and the current is 
re-established. The electro-magnet 
having thus recovered its magnetism, 
,r g is again attracted by it, and drawn 

into contact with t\ where the con- 
nection is again broken, and g is drawn back to ^ by the 
spring «, and so on. 

Since the intervals of transmission and suspension of the 
current are the same throughout the entire line, and since the 
intervals of transmission are those in which the armature moves 
towards the electro-magnet, and the intervals of suspension 
those in which it recoils from the magnet, it follows that the 
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oscillations of the armature of all the electro-magnates at all 
the stations are absolutely alike and simultaneouB. 

In each instrument the armature is in connection with a 
toothed wheel, upon the axis of which the hand m n (fig. 117) is 
keyed, so that each vibration of the armature puts forward one 
tooth of the wheel, and advances the hand n from one letter to 
another. 

Upon comparing this arrangement with that of the French 
telegraph, it will be perceived that here the mainspring and 
wheelwork which move the indicator are altogether omitted, 
and the armature of the electro-magnet, which in the French 
instrument only regulates the motion of the indicator, here both 
Tnoves and regulates it. In fine, the armature here discharges at 
once the functions of the mednspring, and of the pedulum of a 
dock. 

It will also be observed that the manipulation of the trans- 
mitting agent, by which he moves the indicators on the dials of 
the distant stations, is dispensed with, the current itself, 
through the intervention of the armature of the electro-magnet, 
imparting to the indicator a constant motion of rotation without 
any manipulation whatever. 

That part only of the manipulation by which the indicator is 
stopped for a moment successively at the letters of the word 
intended to be transmitted, is retained, and that is effected by 
the action of tiie keys surrounding the dial. 

Under the dial, a radius or arm is keyed upon the axis on 
which the indicating hand is fixed, so as to be always imme- 
diately under that hand and parallel to it, revolving simul- 
taneously with it. This radius is a littie longer than the 
indicating hand, and extends under the keys surrounding the 
dial. From the under-surface of each key a pin projects, the 
length of which is such that when the key is not pressed down, 
the radius passes freely under it ; but when the key is pressed 
down, the pin comes in the way of the radius, and stops it when 
the indicating hand n arrives at the letter engraved on the key. 
By the action of the same pin the armature o g (fig. 118) of the 
electro-magnet is arrested in its return from ;^ to ^, so as to be 
prevented from arriving at t. The current, therefore, is pre- 
vented from being re-established on the line-wire, as it would 
be if ^ were permitted to come into contact with t. 

Thus it will be understood how by putting down a key the two 
desired effects are produced. Ist, the stoppage of the indicating 
needles at the letter engraved on the key of the indicator on 
which such key is put down ; and 2nd, the simultaneous sus- 
pension of the current along the entire telegr^T^hij^ \^^^ \s^ 
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wluch the indicating needles of all other instruments are stopped 
at the same letter. 

This apparatus, compared "with the French telegraph, to 
which it has an obvious analogy, has the advantage of greater 
simplicity. By dispensing with the mainspring and its neces- 
sary train of wheel- work, and with the rather complicated 
commutator worked by the hand of the transmitting agent, 
many moving parts are rejected, and there are proportionately 
less chances of derangement and less causes of wear or fracture. 
But on the other hand the moving power which impels the 
indicator, being transferred from the mainspring to the current, 
a proportionately greater force of current is necessary. This 
force is, however, obtained without augmenting the magnitude 
of the batteries at any one station by the expedient of bringing 
the piles of both the terminal stations, and, if necessary, of any 
or all the intermediate stations, into the circuit. 

In the batteries used with the French railway telegraph, the 
use of acid, as has been stated, is found altogether imneces- 
sary. . In the German telegraph, however, pure water does not 
give a sufficiently strong current, and it is acidulated with 
about one and a half per cent, of sulphuric acid. The battery 
at each station consists usually of from 15 to 20 pairs. The 
u^ual speed imparted to the indicator by the current is about 30 
revolutions per minute. 

M. Siemens invented mechanism by which the indicating 
apparatus was connected with one by which the letters of the 
despatch as they arrived were printed by ordinary type upon 
a band of paper. Since, however, this has not been brought 
into practical use, it will not be necessary to explain it. 

"When the electric telegraph was first opened to the general 
service of the public in Prussia, this apparatus of Siemens was 
generally used, but it has since been superseded by that of 
Morse, its speed of transmission being foxmd insufficient for the 
public service. 

BELGIAN RAILWAY TELEQEAPH. 

155. When the electric telegraph was first brought into use 
on the Belgian railways, the French and German apparatus 
described above were tried in succession. In 1851 they were, 
however, superseded by a form of telegraph invented and con- 
structed by M. Lippens, mathematical instrument maker of 
Brussels. 

M. Lippens attributes to the French and German rail- 
way telegraphs certain defects, which he claims to have re- 
moved. For the efficient performance of those telegraphs, it is 
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evident that a certain relation must always be maintained be- 
tween the force of the spring a (fig. 118), which produces the 
recoil of the armature g o, and the attractive force of the mag- 
net, or what is the same, between the spring and the intensity 
of the current, with which the attraction of the magnet must 
vary. Now the intensity of the current is subject to variation, 
depending on the state of the battery, the number of pairs 
which are brought into operation, the length of the line-wire 
upon which it is transmitted, the more or less perfect state of 
the insulators, and in fine on the weather. 

If the current become so feeble that the attraction of the 
magnet is less than the force of the spring «, the armature g o 
will remain upon the stop t, from which the magnet is too feeble 
to remove it. If, on the other hand, the spring have not 
sufficient force to overcome the friction and inertia of the arma- 
ture g 0, and the small portion of magnetism which may be 
retained by the electro-magnet after the current has been sus- , 
pended, the armature will remain upon the stop f , the spring 
being unable to produce its recoil. 

Since, therefore, the forces against which the Efpring a acts, 
and which it ought to exceed, and those which act against it 
and which ought to exceed it, are variable, it is clear that the 
maintenance of the efficiency of the apparatus requires that the 
spring 8 shall from time to time be adjusted, so as to be kept in 
t^t relation to its antigonistic forces, which are necessary for 
the due performance of the telegraph. 

It has been already shown that very sufficient and very 
simple means of adjustment for this purpose have been supplied 
in the Erench telegraphs. The hands which appear in the 
upper comers of the instrument (fig. 116) are intended fo^ this 
purpose, and being tui:ned by the key, the springs connected 
with them are increased or diminished in their force, according 
as the key applied to them is turned the one way or the other. 
Similar adjustments are provided in the German instruments. 

M. Lippens and the Belgian railway and telegraph authori- 
ties by whom he has been supported, however contend, that 
although the permanent staff of the state and public tele- 
graphs, constantly occupied and practised in the manipulation of 
such apparatus, may be relied upon for the due management 
of such adjustments ; the agents of various grades employed on 
the railways, whose duties do not permanently connect them 
with the telegraph, and who are only called to it from time to 
time, cannot be depended on to perform adjjistments requiring 
not only constant practice, but some address and some special 
knowledge of the principle and mechanism, of t3;^ «:^«x»^3;^s^ 
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The apparatus of M. Lippens, which is now Tised for the 
service of the Belgian railways, is exempt from these defects. 

Like M. Siemens, M. Lippens rejects the mainspring and its 
appendages adopted in the French telegraphs, and charges the 
current itself with their functions. He retains, however, the 
commutator, and imparts the pulsations to the current by the 
hand of the agent applied to a lever or winch, which is moved 
exactly like the arm of the commutator of the French in- 
struments.* 

He rejects the spring 8 (fig. 118), which produces the recoil of 
the armature, and substitutes for it a second magnet placed on 
the other side of the armature, adopting at the same time a 
permanently magnetic bar of steel instead of the armature of 
soft iron used in the other instruments. 

To explain the principle of Lippens' apparatus, let a h and 
a' h' (fig. 119) be two electro-magnets made precisely alike, 

Fig. 119. 




the coil of covered wire upon them beiag one continuous wire 
carried from one to the other, and rolled in such a manner that 
their polarity shall always have contrary positions in which- 
ever direction the current may be transmitted on the wire. 
Thus, if a be a north pole, 6' opposed to it wiU be a south pole, 
and in that case a' will be a north and h a south pole. If the 
current upon the coil be reversed, all these four poles will at 
once change their names — a becoming a south, and 1/ a north 
pole, and a' a south and h a north pole. 

Let g g^he a, steel bar which is permanently magnetised, g 
being its north and §^ its south pole, and let it be supported 
midway between the electro-magnets, having free play towards 
the one or the other until it encounters the stops ttorffhy 
which it is arrested. 

Now let a current be transmitted upon the wire, by which a 
will become a north pole, and consequently b and 1/ will be 
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south poles, and a' a north pole. Since ^ is a north and ^ a 
south pole, they will be attracted by V and a', and repelled by 
a and 6, and consequently the armature g g* wiU be moved 
towards V a' until it is stopped \>ytf If. If the current be then 
reversed, a and a' will become south, and h and V north poles ; 
and the armature wiU be attracted by a and 6, and repelled by V 
and a', and will accordingly move towards the former until it is 
stopped by 1 1, 

If the direction of the current be reversed rapidly, suppose, 
for example, ten times per second, the armature g ^ will be 
made to oscillate ten times per second between the stops t t 
aji6Liff. 

It is evident that the expedient adopted by Siemens, by 
which the transmission of the current is arrested by the contact 
of the armature with one stop and re-established by its contact 
with the other, might be easily modified so as to reverse the 
direction of the current by eadi contact with f t and f f ; and 
in that case the telegraph of Siemens would without other 
change be rendered exempt from the defects imputed to it, as 
well as the French instruments, by Lippens. But M. Lippens, 
either prevented from adopting this obvious expedient by the 
patent of Siemens, or giving a preference to the hand commu- 
tator for other reasons, has contrived an ingenious commutator 
worked by hand, by which he reverses the current with the 
greatest facility, rapidity, and precision. 

This is a wheel commutator formed on the following prin- 
ciple : — There are two wheels placed side by side upon a common 
axle, with a disc of gutta-percha between them, so that one is 
insulated from the other. The edges of both are divided into a 
series of conducting and non-conducting arcs, but the position 
of these relatively to each other is alternate, the conductmg arcs 
of each disc corresponding in position with the non-conducting 
arcs of the other. 

We may imagine the shaded arcs of fig. 120 to represent the 
conducting arcs of the upper, and the white arcs the conducting 
arcs of the lower disc, the one, however, being separated fipom 
aU contact with the other by the interposed disc of gutta- 
percha. 

When the wheel is made to revolve, the spring / comes alter- 
nately into contact with the conducting arcs of the one and of 
the other disc. Another similar spring is applied to another 
part of the edge of the wheel, so as to be in contact with the 
conducting arcs of the upper disc, while the spring r is in con- 
tact with those of the lower, and vice versd. 

One of the two discs is in connection with the copper^ aadtiLQw 
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other "With the zinc end of the battery, so that one may be con- 
sidered as its positiye and the other as its negative pole. One 



^^' ^^^« ^ m^-*- >y. 




of the springs is in connection with one end, and the other with 
the other end of the conducting wire, which forms the coils, and 
which passes along the telegraphic line. By causing the wheel 
to revolve, therefore, the conducting wire will be alternately 
connected with contrary poles of the battery, and the current 
upon it will be reversed. 

If the edge of the wheel be divided into ten equal parts by 
the conducting arcs, this reversal will take place ten times in 
each revolution, and if a revolution be imparted to the wheel 
in each second, the current will be reversed ten times per 
second. 

In the apparatus of Lippens the oscillations thus imparted to 
the armature g ^ (fig. 119) are made to act by the intervention 
of toothed wheels upon the indicating hand which moves upon 
the dial around which the letters are engraved, as in the French 
telegraph, and this hand is moved from letter to letter in the 
same manner as in the French railway instrument and that of 
Siemens. 

Upon the axle of the commutating wheel above described a 
windb. is fixed, by which the agent who transmits the despatch 
turns it. 

A plan of this instrument is drawn in fig. 121. The handle 
of the commutator B b' is keyed upon the axis of the wheel 
already described, which is under the table of the instrument. 
This wheel, and the springs which press upon it, are in- 
dicated in the figure. The handles Q Q are those by which the 
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onireiit is oondncted from flie up or down line lihrongh the 
i&dioatiiig apparatus, or Uirough the alartun, as already ez- 




pliuned in the case of the German telegraph. Sereral other 
termiiials are proTided for estahliehing coimectious with the line 
-wires, the hatteiy polea, the alarmns, and the earth, and differ 
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in notliing essential from Ednular adjustments in other tele- 
graphic instruments. 

When the agent at any station, s, desires to transmit a de- 
spatch to any other station or stations, s', he first, as in other 
telegraphs, calls the attention of the agents at s' by means of 
the alarum. The current being then directed through the 
instruments severally by means of ihe adjustments provided for 
that purpose, the transmitting agent at s turns the handle B b' 
of his commutator, by which he produces the pulsations of the 
current, and puts the indicating hands upon the dials at s', as 
well as upon his own in motion. These hands as usual, when 
properly adjusted, always point to the same letters. The trans- 
mitting agent stops the handle B b' when he sees the hand F 
upon his dial point successively to the letters which spell the 
word he desires to transmit, and by continuing to operate thus, 
he transmits the entire despatch. » 

Such is the Belgian raQway telegraph; and although it must 
be admitted that it supplies a certain improvement on the 
French telegraph, it ought also to be stated that the difficulty 
and inconvenience which M. Lippens claims to have removed, 
has not been found to oSer any practical obstruction to the 
satis£a.ctory performance of the Prench instruments. 

FBOMEl^'S ALPHABETICAL TELEGRAPH. 

156. The external appearance of this instrument, represented 
in fig. 122, is that of a small pianoforte, having, however, 
no black keys. On each of the keys a letter of the alphabet 
is engraved, the first key being marked with a cross, and the 
last with an arrow. On the first ten keys are also engraved 
the numerals. This part of the apparatus is the commutator, 
by which the agent at the station where it is placed, is enabled 
to transmit signals to any distant station. 

Upon it is placed the indicating apparatus, which is acted 
upon by the commutator of the apparatus at a distant station, 
and by which a despatch is received. This indicator is similar 
in form and in the manner of giving its signals to that of the 
other alphabetical instruments already described. The dial of the 
indicator is marked with the letters of the alphabet, and the 
cross and arrow corresponding with the characters engraved 
upon the keys of the commutators. 

At the back of the case containing the indicating apparatus 
the alarum is attached, and commutators are placed upon the 
case by which this alarum can be put in connection at pleasure 
with tiie line- wire. As usual, it is always kept in connection 
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with it wbea the matniment ia not m use, so that notice may be 
given of the approaching amTal of a despatch. On the ringing 



f^> 




«f the alanun the agent at the station turns off tixe commatator 
from the alarum, and throws it into connection with the indi- 
cating apparatus. 

To explain the transmission of a despatch, let as mippoee an 
apparatus, such as that represented in the figure, to be erected 
at two stations, s and a*, connected as tisual by a conducting 
wire ; the instrument, being unemployed, the line-wire at both 
is in connection with the alamm. Now let ua auppoee that 3 
desires to transmit a despatch to B'. In that case B having first 
tamed on the cnrrent, puta down any key whatever of his com- 
mutator, the effect of which is that a current ia traaamitted 
upon the line wire to s', which rings the alarum ; then s' replies 
by transmitting a return current in the same way to a, by 
which B'a alarum ia rung. All being then prepared for the 
tranHTnissioii of the despatch, 8 puta down with bia fingers 
auccessively the keys of his commutator upon which the succes- 
sive letters spelling the words of the deapatoh are engraved, 
and fflmultaneoualy with this the indicator upon the dial of a' 
points to the same letters, which are taken down by a'. At 
the end of each word, B pnte down the k^ marked with the 
cross. 
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Wlieii it is intended to transmit numerals, s puts down the 
arrow just before lie begins them, and the cross when he ends 
them. Thus if it be desired to Iransmit the number 1854, s 
first puts down the arrow, and then the keys marked A, h, e, 
and D successively, after which he again puts down the cross to 
indicate that the number is finished. It remains now to ex- 
plain how these effects are produced. 

Within the case, and at some distance below the key-board, a 
steel rod is extended, parallel to the line of keys, the length of 
which corresponds with that of the row of keys. Prom this rod, 
and at right angles to it, proceeds a series of short steel arms, 
one under each key. In the bottom of each key, and at right 
angles to it, is inserted a short projecting pin, which cor- 
responds precisely in position with the short steel arm just 
mentioned. The length of the arm, and that of the pin, taken 
together, is a little less than the distance between the bottom of 
the key and the steel rod when the key is not put down by the 
finger ; the necessary consequence of which is that in that 
position of the key the rod may revolve, carrying the arm 
round with it unobstructed. But when the key is put down by 
the finger, the bottom of it is brought to a distance from the 
rod which is less than the sum of the lengths of the projecting 
arm and the pin ; and consequently if the rod revolves, carrjdng 
with it the projecting arm while the key is thus held down, the 
pin coming in the way of the arm arrests it, and stops the 
further revolution of the steel rod. 

It is evident that if the projecting arms were aU inserted in 
the steel rod at the same side, or to speak with still more pre- 
cision, if their points of insertion lay in a line along the side of 
the rod parallel to its axis, the pins of all the keys would arrest 
the revolution of the rod in exactiy the same position ; and as 
it will presentiy appear that the position in which the rod is 
stopped determines the signal transmitted, it would follow as a 
consequence that in such case all the keys would transmit the 
same signal, and the indicator at the station to which the de- 
spatch is to be transmitted would always return to the same 
letter upon the dial. 

To prevent this, and to vary the signal in the necessary 
manner, the projecting arms are inserted in the steel rod 
according to a spiral or heliacal line, surrounding it like the 
thread of a screw ; so that if, for example, the rod be placed so 
that the first projecting arm corresponding to the key marked 
with the cross, points directiy upwards, the fourteenth which 
corresponds to the key M, will point directly downwards ; and 
the intermediate arms will point at angles more and more 
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inclined from the upward direction, each being deflected from 
the upward direction more than the preceding one, by the 
fourteenth part of the half circumference. 

In like manner, in proceeding from the arm corresponding 
with the key M, which points downwards, each successive arm 
wiU be more and more deflected from the downward direction, 
each being more deflected from it than the preceding one by 
the fourteenth part of half the circumference. 

Thus the twenty-eight projecting arms divide the circum- 
ference of the rod into twenty-eight equal parts; and con- 
sequently in a revolution of the rod, the arms come successively 
to the position in which they point upwards and in which they 
would encounter the pin projecting from the bottom of the key; 
if that pin were thrown in their way by the key being pressed 
down by the finger. 

It will be evident, therefore, that if from any cause the steel 
rod be made to revolve, its motion may be stopped at twenty- 
eight different points of its complete revolution by means of the 
depression of the twenty-eight keys. We shall now show how 
a motion of revolution is imparted to this rod. 

To its right-hand exti*emity is fixed a ratchet-wheel, which 
is in connection with a train of clockwork, moved in the usual 
manner by a mainspring. This clockwork is contained within 
the case of the apparatus. If it be wound up, and if nothing 
obstructs its action, a motion of continuous rotation will be im- 
parted to the ratchet-wheel, and by it to the steel rod; and this 
motion will be more or less rapid according to the force of the 
mainspring, and the adjustment of a fly which is connected 
with it. They are so adjusted as to cause the rod to revolve 
two or three times in a second. But in the teeth of the ratchet- 
wheel, a catch is inserted, which counteracts the mainspring 
and prevents the motion, which can only take place when this 
catch is withdrawn. A bar is suspended parallel to the keys, 
and under them, by a contrivance called in mechanics a parallel 
motion, by means of which any of the keys when pressed by 
the finger will lower it. This bar rests upon the arm of the 
catch engaged in the teeth of the ratchet-wheel, so that when- 
ever any key is put down by the finger, the bar is depressed, 
the catch ^engaged, the wheel liberated, and a motion of 
revolution imparted. 

On the left hand extremity of the steel rod is fixed a com- ' 
mutating wheel, similar in principle to that already described 
in the railway telegraph. This wheel, being fixed upon the 
rod, turns with it, moving when it moves, and stopping when 
it stops. Since the position in which the rod stops ia dQt»;i:- 
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• 

mined by the key put down, the position in which the wheel 
(thus fixed on the rod) stops is similarly determined. This 
wheel determines the pulsation of the current, and these pulsa- 
tions determine the position of the indicator at the station to 
which the despatch is transmitted, in a manner which is sub- 
stantially the same as those already described. 
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CHAPTER XIII. 

LETTSB FBIHTIKO TBLBGEAPHS. 

157> Home's Amerimu) t]rp« printer. — 158. Brett's English tjpe printei'. — 
169. Hashes' impioi^ printing telegnph. — 160. Bonalli's cbemicil 
tjpe instniment. 

1G7. Thb KmiBe telegrapli, which was broi^ht into uBe in Uia 
United Stetee, is an example of the class of printing tele^apha, 
that is, instruments which print in the ordinarf letters the de- 
spatch at the station to which it is addressed, by moans of a 
power worked at the station from which it is transmitted. In a 
certain sense, this is accomplished by the various forms of re- 
cording telegraph already described, but in these cases tiia 
despatch is printed or written in cipher, which is attended ynOi 
the inconvenience of being understood only by those who posaess, 
and are sufficiently fiimiliar with the key. The process ot 
deciphering it, and writing it in common characters, occupying 
more or less time ; for some purposes, such for example as that 
of journalism, this time must be taken into account in estimat- 
ing the practical celerity of communicatioiis ; inasmuch as the 
despatch, until so interpreted, is not available by the parties to 
whom it is addressed. 

A telegraph which instead, of impressing on paper characteis 
in cipher, would impress the characters of common letter-prees. 
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even though these should be transmitted and impressed at a 
slower rate than that of the transmission of the characters in 
cipher, might nevertheless be, in effect, more expeditious; more 
time being saved by superseding the process of interpreting 
the cipher, than is lost by the relative slowness of the trans- 
mission. 

It is evident that these observations, being general, are 
applicable, not only to the instrument we are now about to de- 
scribe, but to all others of the same class. 

As the action of several trains of wheels is required in moving 
on the type wheel as well as the ribbon of paper, and in stopping 
both at the required instant when the impression of the letter is 
made ; the intricate and expensive construction of mechanical 
type-printing telegraphs has hitherto prevented their general 
adoption. It is found that a specially skilled class of operators 
is necessary to work and regulate them. 

House's printing telegraph, like all other telegraphic in- 
struments, consists of two distinct parts: a commutating appa- 
ratus to govern the transmission of the current, and a printing 
apparatus upon which the current arriving from a distant sta- 
tion operates. 

The manner in which the transmission of the current is con- 
trolled by the keys of the finger-board, is substantially the 
same as in Froment's telegraph. The wheel, however, that 
produces by its revolution the pulsations of the current, is 
moved, not as in Froment's by clockwork, but by the foot of the 
operator, acting upon a treddle like that of a lathe, which is seen 
under the case of the commutator in fig. 123. 

The rotation of this wheel is arrested at the point correspond- 
ing to any desired letter, by putting down with the finger the 
key upon which that letter is engraved ; in exactly the same 
manner and by the same mechanical expedient as in Froment's 
telegraph. 

The keys, upon the key-board of this instrument, govern by 
means of the pulsations of the current the motion and position 
of a dial or wheel at a distant station, inscribed with similar 
characters, in the same manner as has been already explained in 
the case of the French railway telegraphs. 

Let us then suppose that by putting down any key, that 
inscribed with A for example at the station s, a certain dial or 
wheel at s', having upon it letters corresponding with those of 
the key-board at s, is so moved that the letter A is brought into 
a certain position. The letters upon this wheel are formed in 
relief like type, and when successively brought into the neces- 
sary position by the action of the current, having previously 
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passed in contact with an inking apparatus, a band or ribbon of 
paper is pressed against tbem by means provided at tbe station 
s', and tbe impression of the letter is made upon the paper. By 
the next action of the current, the succeeding letter ^ansmitted 
is brought to the same position, the ribbon of paper being 
meanwhile drawn forward, another impression takes place, and 
^o on. 

The apparatus by which the ribbon of paper is moved, the 
type inked, and the paper pressed against it is not worked by 
tie current. That process is effected by mechanism put in 
operation by the agent at the station at which the despatch is 
received and contained in the case A H. 

In the figure, the ribbon of paper is represented at F, upon a 
roller from which it is gradually drawn, as letter by letter the 
words of the despatch are impressed upon it at o. The black 
band which appears upon another roller is an endless strap by 
which the types are inked. 

In the mechanism as well of the transmitting as of the 
receiving apparatus, there are many details showing much 
ingenuity of contrivance, and resources of invention; which, 
however, are too complicated to admit of any dear exposition 
without numerous plans and sections, and which we must pass 
over. 

The printing apparatus, at the station at which the despatch is 
received is put in operation by the action upon the treddle in 
the same manner as in the transmitting apparatus at the other 
station. 

The galvanic apparatus, which supplies the current for work- 
ing this apparatus, is the battery of Grove. About thirty 
cylindrical pairs are necessary for a distance of 100 miles. 

The first line operating with this apparatus was established 
between New York and Philadelphia in 1849. 

HOUSE AKD BEETT'S ENGLISH PEINTING TELEGRAPH, 

158. The late Mr. Brett, who obtained celebrity by his suc- 
cessful exertions in establishing electric communication by 
submarine cables between the United Kingdom and the con- 
tinent of Europe in 1850-1, took out, conjointly with Mr. 
House, a patent for a printing telegraph, the original form of 
which is represented in fig. 124. 

The apparatus, like that of House's Ameri6an telegraph, 
already described, consists of a key-board, which is the transmit- 
ting apparatus or commutator, and does not differ in any im- 
portant particular from that already described. The receiving 
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and pointing apparatus ia also very nmilar, and Btands upon the 
key-board. In front ia an tndicatiiig dial, the hand apon wiuah 




points HoccesaiTBly to the letters printed upon the ecroll of paper 
byOie apparatus behind the dial. The printing apparatus, vith 
modifications, is similar to that of House's American instramont. 

159. FrofessorEiughee, of America, has invent^da modification 
of the lett«T printing telegraph, "which has considerable adyantage 
over tho previous instruments of this kind. Instead of sending 
a series of separato currents to bring round the letters of the 
alphabet consecutively, according to the niunbei of currents 
sent ; ho nsos a single current for each letter. The duration of 
the current determines the lettor to be printed, by acting upon 
the rotating type wheel at the distant station. 

Such a plan necessitates the train of wheels moving isochron- 
onsly at both ends, and to produce this a short spring penduliun 
is employed to regulate the clockwork escapement of the 
apparatus. The vibrations of the pendulum can be yaried in 
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speed by shifting a weight. This inBtmment ia ahawn, in 
flga. 125 and 126. It is now used to boiuq extent in America, 
France, England, and elsewhere. 




-Bugtiw' Aineiicu) PrIntlDS Telegraph. 



160. Mr. Eonelli has also introduced a form of letter-printiiig 
telegraph, which is a modification of the Bain chemical or Bake- 
-weU copying telegraph. The instrument requires five conduct- 




Fig. lM.^ugh«' fttoting JnBtniment C^erUcal BanJ. 

ing wires, each in connection vitii a platinum point resting upon, 
part of a letter set in type. By moving the ty^ &ame faot^si^ 
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a series of contacts are made as the points press upon the 
different projections of the letters, and corresponding marks are 
thus made by the currents passing through a riband of chemic- 
ally prepared paper at the distant station. 

Of course the practical objection to this form of instrument 
consists in the number of telegraph wires employed, and the 
time lost in setting up messages in type. 




Fig. 127.— Time-ball Apparatus. Section. 



CHAPTER XIV. 

THE TRANSMISSION OF TIME, WEATHER OBSERVATIONS, 

AND STORM WARNINGS. 

161. The object of telegraphing accurate time. — 162. Electric time-ball8. — 
163. The regulation of clocks by electricity; objections to early 
methods. — 164. Improved plan of R. L. Jones, and its application in 
London, Liverpool, Glasgow, Edinbnrgh, &c. — 165. Meteorological 
messages from telegraph stations to Board of Trade. — 166. Warnings 
telegraphed on indications of storms. — 167. Forecasts of veather. 

161. The telegraphio transmissioii of accurate time by electric 
carreiits &om Observatories to public clocks and time-balls, has 
-within the last fesw years become of considerable importance. 

It may be said, *' but what is the great benefit arising from 
extreme accuracy ? If a dock keeps time within a few seconds, 
or eyen a minute or two, it answers the purpose." So it may 
for those who haye no occasion to cross the sea; but to 'sailors 
exactitude in time is everything, and unless their chronometers 
are carefully rated and timed before they set sail, their errors 
may set a ship many miles out of its proper course, and lead to 
wreck. 
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162. Hence it is that for some years past time-balls have 
been regularly dropped at a fixed hour in- London, Liverpool, 
Glasgow, Deal, &c., by currents from the nearest Observatory; 
thus enabling captains to check the going of their chronometers 
daily while in port. 

The apparatus employed is very simple. The time-ball is 
retained at the top of a staff passing through its centre, by 
means of a catch. The soft iron armature of an electro-magnet 
forms one end of a lever connected with the catch. As soon as 
the electric current is passed from the Observatory the electro- 
magnet attracts the armature, thus drawing away the catch 
and allowing the time-ball to drop by its own gravity. To 
break the force of its fall it is made to press down the piston of 
a partially-closed air cylinder in its descent ; the compression of 
the air acts as an elastic buffer, and gently arrests the lower 
part of its fall. A sectional view of this arrangement is shown 
in fig. 127. 

The current is sent at an arranged moment by a clock at the 
Observatory, which is of course continually regulated to true 
time by observation. A glass or ivory disc, revolving on the 
same axis as the seconds wheel, has a small metallic contact 
at one point of its circumference, and this is brought against a 
spring at a given second, thus connecting up a battery with the 
wire leading to the time-ball. 

163. Let us now see how public clocks can be regulated and 
controlled second by second from an Observatory. 

The early methods of applying electricity to clocks failed, 
because too much was attempted; the currents were either 
made actually to drive the clock, or to release its escapement ; 
and if anything failed in connexion with the battery, conduct- 
ing wire, or other apparatus, the clocks were stopped. In 
addition to this objection the cuifrent required was so excessive 
that expensive forms of battery were necessary. 

164. Now, however, by an invention of Mr. E. L. Jones, the 
current is simply made to act as a sort of bridle or check upon 
the motion of the pendulum bobs of an ordinary clock, the only 
alteration consisting in an electric coil of equal weight being 
substituted for the metallic bob. Two small steel magnets are 
fixed, one on each side of the centre of the arc of vibration, so 
that the coil bob moves alternately over one or the other during 
its beat. 

A regulator clock at the Observatory is so arranged that its 
pendulum at each end of its beat presses a light spring and 
makes contact with a battery, thus sending a short current 
each second through the wire coil forming the bob of each 
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public or other clock, to whicli the conducting mre from the 
Observatory is joined. "When the current passes the coil pen- 
dulum bob of each regulated clock becomes momentarily mag- 
netised ; and its poles, thus created, exercise a mutual action 
. upon the poles of the steel magnet oyer which it passes. 

This method of regulation is shown in Fig. 128 : A is the 
pendulum of the regulator at the Observatory, in connexion 




Fig. 128. — ^Diagram exemplifying Jones' method of clock regulation by 

electricily, 

with the battery and conducting wire ; B the pendulum of one 
of the public clocks regulated, with its bob formed by a wire 
coil. The fixed steel magnets, c c, over which the bob of B 
passes in its beat, are shown below the coil, but in practice are 
so placed that they enter the hollow centre of the pendulum 
coil as it moves. 

If the pendulum is coincident in beat (when polarised) with 
the Observatory pendulum, and therefore at the required point 
of its vibration when the current arrives, its motion will not be 
affected by the magnetic action between the coil bob and the 
fixed magnet. But if on the contrary the normal, or uncon- 
trolled, rate of the regulated dock is either fast or slow; in the 
former case a slight retarding, and in th& \a.^:^x ^iCL^K^^f^isscia^^cEss^^ 
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impulse will be commimicated to the pendulum by the cor- 
rectiye action of the electric current. The effect of this is 
either to check or pull on the pendulum during each of its 
vibrations. 

As a dock, even with a great rate of error, cannot vary much 
in the course of a second, it is found in practice that large public 
clocks may be brought under the most absolute control by the 
influence of an exceedingly feeble battery. The system was 
first applied about ten years ago to the control of various public 
clocks at Liverpool by Mr. Hartnup, the astronomer, in con- 
junction with the writer ; and has since continued to afford the 
most satisfactory results. A seconds dock on the Exchange 
has enabled the various dock-makers to regulate their chro- 
nometers with the utmost exactitude ; and the large Town-Hall 
dock with other public clocks have been kept truly to Green- 
wich mean time, with little or no trouble, and at a trifling cost 
even compared with the ordinary clockmaker's charge for regu- 
lation. The method has since been introduced in London, and 
has also been very extensively adopted in Glasgow by Professor 
Grant, and at Edinburgh by Professor Piazzi Smyth, in con- 
. nexion with their Observatories. Some of the church and other 
public docks regulated are old and ill-made, previously keep- 
ing wretchedly bad time — frequently minutes wrong ; but since 
this simple electric check was applied, they have gone with the 
closest accuracy. 

Li the event of any temporary iaterruption, from acddent or 
otherwise, to the transmission of the electric current, this sys- 
tem has the great advantage of not stopping the public docks. 
They continue to go with their normal rate of error whatever it 
may be, until the conducting wire or battery is put right and 
communication with the Observatory regulator restored. It is 
needless to point out that the plan might be readily adopted in 
connection with the great clock in the tower of Westminster 
Palace, and with the various minor timepieces in the Houses of 
Parliament, so as to keep them all isochronous for the informa- 
tion of members. 

A slight modification of the arrangement has been introduced 
by Sir Wm. Thompson in connection with the Glasgow clocks, 
by means of which **two seconds'* pendulums can be con- 
trolled in conjunction with ** seconds " pendulums on the same 
wire. 

Li Liverpool an addition is made by which each clock regu- 
lated sends a signal back to the Observatory, deflecting a gal- 
vanometer needle at a given second in each minute, as if to say 
"Pmid^'htl" 
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165. The system of meteorological telegrams and storm 
warnings, devised some years ago by the late Admiral Fitzroy, 
and carried out by him under the auspices of the Board of 
Trade, has proved of great service to mariners; especially to 
those engaged in the coasting trade and fisheries, where the 
small size of the vessels employed, coupled with their sailing as 
a rule within a short distance of land, render them peculiarly 
liable to disaster from storms. 

The arrangements are to collect, several times daily, simul- 
taneous readings of barometers and thermometers, together 
with details as to the weather, &om a number of points extend- 
ing over an area of a thousand or more mUes square ; stretching 
between L'Orient and Rochefort in the south, Galway, Valentia, 
and Cape Clear in the west, and Nairn, Holder, and Skuddes- 
nses in the north and north-east. The meteorological office in 
London thus becomes aware of the approach of dangerous winds 
at the confines of the signalling area, a day or two before they 
reach our channels and ports. 

Storms are for the most part circular, rotating upon a centre 
like an eddy in a river; and while tiie currents of air and 
vapour may be sweeping along very rapidly in a curve within 
the limits of disturbance, the body of the storm usually pro- 
gresses comparatively slowly ; so that ample time for warning 
exists, as a rule, after the indications of its approach are re- 
ceived from the outside observing stations. 

In the temperate zone of the earth in which the British 
Islands are placed, the atmosphere has a general progression as 
a rule towards the east. Storms, or vast eddies between great 
breadths of antagonistic currents of air, are therefore translated 
eastward, being more or less deflected by local conditions to- 
wards the north or south ; and having passed the meridian of 
any place are goTie, Hence it is obvious that in temperate zones 
reporting stations are required north, west, and south of the 
central warning office ; but not towards the east. 

The observations are obtained in the following way : — ^Each 
of a number of signalling telegraph stations round the coast is 
supplied with a standard barometer, a wind vane, and two 
thermometers— one with a wet bulb. At 8 a.m. each station- 
master observes the index of the barometer and thermometers; 
the direction of the wind, the force of which he also estimates ; 
the state of weather as to cloud, rain, snow, &c. ; and also the 
amount of sea disturbance. He embodies all these facts in a 
concise form of cypher message, in which the results are ex- 
pressed by a series of six groups of five figures each. 

The following is a specimen message : — 
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GALWAY TO BOAED OP TRADE, LONDON. 

29046 — 
54513 — 
50808 — 
06584 — 
05063 — 
03322 — 

Explanation or above. 
29.046 Height of barometer, in inches and decimals. 

54 Height of thermometer, in degrees. 

51.3 Height of exposed thermometer, in degrees and tenths. 

50.3 Height of moistened thermometer, in degrees and tenths. 
08 Direction of wind in a series of 82 points. 

06 Force of wind, estimated in 12 degrees. 

5 Amount of cloud, estimated in 9 degrees. 

3 Weather : Character of weather given by 9 figures. 
4 Sea disturbance : amount given by 9 figures. 

05 Average direction of wind. ^ 

06 Force of wind. 
3 Weather. 

033 Highest or lowest reading of barometer. 
22 Highest or lowest reading of exposed 
thermometer. 



) Since last report. 



/ 



These messages are received from the various points by the 
meteorological office in London between 8 a.m. and 9 a.m. ; a 
similar series of observations being also telegraphed at 1 p.m. 
Thus the staff at the central office have prompt data supplied 
on which to base their calculations ; and are presented with a 
sort of bird's-eye view of the atmospheric condition of a great 
area, including the British Isles, south-west coast of Prance, 
and Holland. 

166. Upon the advent of foul weather being thus indicated, 
the London office at once dispatches messages giving warning 
to the principal ports and coast-guard stations ; and signals are 
hoisted without delay at conspicuous points, to give notice of 
the expected storm to vessels in the vicinity. 

The storm signals hoisted to warn ships consist of a cone and 
drum, which are used to indicate the nature and probable direc- 
tion of the expected gale. They are made of black painted 
canvas mounted on hoops. The cone when seen from any 
direction appears as a triangle, and the drum as a square. 
When the point of the cone is upwards, it signifies that the 
storm will probably commence from the northward ; and if the 



FITZEOrS STORM WARNINGS. 



201 



point is down, from the south. The drum indicatea dangeroua 
.winds expected iu various directiona successiTely. 
Qliese signals are shown in Fig. 129. 

Fie. 120.— Board ot Trade storm WamlngB. 



AVO 



Northerly 






Southerly gale 



At night the signals ai 
firame, to represent the co 



Vsriable gales 
expected. 

lB of three lamps ii 



e given by n 

le or triangle ; and four, for the drum 
or square. 

The objection has been Kuaed that mariners may be made 
unnecessarily fearful of venturing to sea, by these warnings of 
an approaching storm, but surety this is not probable. All 
captedns consult their ship barometers to judge of coming 
■weather, as well as they can, in their own immediate vicinity ; 
and how much better is it to be furnished at the same time 
with the condensed lesnlt of a vast series of observations over a 
greatly extended area. Forewarned on board ship is forearmed ; 
and if a captain s^ls knowing the approach of bad weather 'and 
the quarter whence it is coming, he can get well dear of land 
betimes, and have everything ready on board to meet the 

167. The occasional storm warnings were for a time supple- 
mented by daily forecasts of the weather from the meteorological 
ofGco; but these have notas yet been found thoroughly reliable, 
although of course the inference drawn from the admonitions of 
a barometer are much more valuable when corroborated by 
simultaneous readings of many instruments spread over a con- 
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tment. The farther the telegraph is extended the longer will 
be the possible period of fore-casting ; and now that America is 
linked by the wires to Enrope, Asia, and Africa, it is probable 
that soon any important pulsations of our atmospheric ocean 
will be signalled days beforehand all oyer the globe, and a yast 
meteorological system carried on by telegraph. 

To exemplify the benefit deriyable from Storm Signals and 
their accuracy, the following short extract is added from a 
Eeport of the Meteorologic Department of the Board of Trade. 




1864. 
9th Jan. 

1 P.M. 

llth Jan. 
5 P.M. 



16th Jan. 

5 P.M. 



Caution transmitted. 



Sonih cone (western 
coasts). 

Drum (on all coasts). 



21st Jan. 

11 A.M. 



Ist Feb. 

1 P.M. 



South cone (on south- 
em and western 
coasts). 



South cone (on all 
coasts). 



South cone (on all 
coasts). 



Weather following Cautions. 



A gale from S.S.E. to S.S.W. on the 
11th, on the west coasts of England 
and Ireland. 

On the 12th the wind blew generally 
from S. E. to S. W., strong to a gale, 
but moderated aa it (Ranged to 
N.W. and N.E. The gale was 
more severe on the western and 
southern than on the eastern coasts. 

A strong southerly gale continued 
from the night of the I6ih. till the 
evening of the 17th on the western 
and southern coasts ; and was felt 
as a strong wind on the eastern 
coasts on the 17th.* 

On the 22nd a strong south-westerly 
gale prevailed (heaviest on the 
south and -^est coasts), followed 
by strong westerly winds on the 
23rd. The LtLciride of Lynn en- 
conntered this gale about 6 miles 
S.E. of Coquet Island and was dis- 
abled ; the captain speaks of the 
storm as a hurricane. 

A strong south-westerly gale on all 
coasts from the 2nd to the 3rd. 
The gale decreased as the wind 



* The Cratflr^ reports :— "On January 13th, lat. 48'' N., long. 84 W., 
encountered a gale from S.S.W. At 8 a.m. wind shifted westerly, and at 
10 a.m. came N.W. in a terrific squall ; the sails being immediately blown 
away in ribbons, such was the violence. of the gale." — Shipping Oazette. 

** The hiig lanthe from New York reports having experienced a sno- 
cession of southerly and westerly gales the entire passage, and that on the 
ni^t of the 13th, in lat. 49*" 10' N., long. 24'' 20' W., encountered a 
hurricane, commencing from S.S.W. round to W.N.W. At midnight^ 
while lying to under close-reefed maintopsail and reefed stormstaysail, a 
heavy squall blew them to shreds, throwing the ship on her beam ends 
and shifting the cargo." — Shipping Gazette, 
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Date. 



8ih Feb. 

1 P.M. 



lOth Feb. 

4 P.M. 



12tb Feb. 

11 A.M. 



Caution transmitted. 



Drum (on nortbern, 
western, and soutb- 
em coasts). 



Drum (on eastern 
coasts). 



Sontb oone (on norib 
ern and western 
coasts). 



Weather ollowing Cautions. 



drew round to W. and N.W. The 
weather was 8qually]and unsettled, 
in the norths previous to the re- 
ceipt of the caution ; but there 
was subsequently a gale from S.W. 
On some parts of the east coast 
the gale was severely felt; from 
Stalthes it is reported that it blew 
a hurricane at that place through- 
out the nigbt of the 2nd, with 
showers of hail and rain. 

On the 10th a gale on tbe south and 
west coasts (the direction of the 
wind is variously given from all 
points between N.E. and S.) and 
strong north-easterly winds on the 
nortb coast Snow fell very gene- 
rally all over the country between 
the 9th and 11th. 

At Wick, '*a gale raged from the 
night of the 9th to the morning of 
the 10th, doing serious damage to 
the fleet of fishing smacks assem* 
bled there ; one of which was lost 
with all hands. "— Skipping Gazette 
and John OOroat Journal, 

On the 12th and 13th a gale on the 
eastern coast ; the wind at first 
blew firom between S.S.E. and 
S.W. and then changed to N.N.W. 
and N.W.t 

Strong gale from S.W. to W. on the 
north and west coasts on the 
13th.t 



t Grimsby, Feb. 14. — "Yesterday it blew a heavy gale from S.W. 
About 2.30 P.M. ihe wind suddenly flew to the W.N. W., blowing a com- 
plete hurricane with heavy rain." — Shipping Gazette. 

Filey, Feb. 14. — " Testerday afUniooo a most violent storm of wind 
and rain came on suddenly, making the sea almost instantaneoiAsly one 
complete drift : — Observed at about a distance of four miles a large brig 
and a small schooner in company. Just at this moment a terrific gust 
struck the schooner and laid her on her beam ends : in another instant she 
appeared bottom up, and the next, every vestige seemed to disappear."— 
Skipping Gazette, 

t Falmouth, Feb. 16th. — "Oapt. John Swain, of the brig Peep o'Day, 
from Pembroke for Nantes, reports : — On the 13th bore up, in a heavy 
gale from S.W. from lat. 49" N., long. 6° 60' W., and arrived in Falmouth 
on Sunday (18th) at 1 p.m. Made another attempt to get to the south- 
ward on the night of the 13th, but found it impossible to do so on ac<Sount 
of the heavy sea running in the channel.** — Shipping Gaz^te, 
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CHAPTER XV. 

KAILWAY TELEGRAPHS AND TRAIN SIGNALLING. 

168. The electric telegrapb essential to railways. — 169. Their use of con- 
Tersing apparatus. — 170. Principles^ train signalling. — 171. Messrs. 
Walker^s telegraph semaphore. — 172. Preece*s electric semaphore. — 
173. Tyer's train signal apparatus. — 174. Disc railway telegraphs of 
Messrs. Bartholomew and SpagnolettL — 175. Commnnication between 
passengers and guard. 

168. Eailwats were the first to give practical application to 
the telegraph in this country ; and it has most amply repaid 
them. Its use in connection with the working details of the 
railway network has continuaUy extended, imtil now the ad- 
vantage of electric agency in carrying on these vast under- 
takings can scarcely be over-estimated. While some wires 
appropriated to the conversing instruments are constantly em- 
ployed in giving directions connected with the management of 
the concern, as to engines, carriages, passengers, goods, lug- 
gage, &c. ; other wires even yet more important in their use 
are silently engaged in signalling on the passing trains from 
section to section, and guarding them from ii^jury. By other 
apparatus, in case of a train breaking down &om any cause the 
guard is enabled to signal right and left to the stations on each 
side, by means of which following trains are stopped and assist- 
ance summoned. The use of the telegraph on railways does not 
stop here, but is now introduced into the trains themselves, so 
that the guard and driver may communicate, and passengers, in 
case of need, may summon the guard to any compartment of 
the train by a simple signal. 

The railway conversing telegraph is, of course, one form or 
other of the ordinary instruments used by the telegraph com- 
panies, and does not therefore need particular description ; but 
it is found, as a rule, that the less complicated the apparatus 
is, the better, as it has to be worked and looked after in many 
cases by the porters and others in the railway employ who have 
little or no knowledge of electrical arrangements; usually a 
form of needle telegraph is employed for this purpose. 

169. Before proceeding with the description of train signal- 
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ling apparatus, and with that used for communication between 
passenger and guard, the various employments to which the 
conversing telegraph is put may be briefly summarised. Boil- 
ing stock and stores are telegraphed for, and promptly sent 
from one point to another whenever wanted. The numbers of 
passengers of each class coming forward from other railways, 
or about to arrive at junctions, are accurately transmitted, 
enabling the requisite carriages to be provided, where without 
such information there might be too few, or far too many kept 
idle at the junction station. In the same way, live stock and 
cargo shipped from various ports are signalled to the railway 
termini for which they are destined, and at which onward car- 
riage will be required, and thus the requisite wagons are ready 
in advance of the arrival of the vessel. 

In fact, wherever a demand for extra conveyance arises, the 
conversing telegraph steps in to aid, and the sensitive wire 
fibres convey the intelligence to head-quarters or the nearest 
dep6t ; and whether engines, carriages, wagons, or tarpaulins 
are wanted, they can be at once directed to the place in need. 

If luggage is lost, a few movements of the needle in various 
directions track and restore it. Again, the use of the wires is 
of the utmost advantage in correcting errors in the transmission 
of goods and in expediting their delivery, by the freedom and 
promptitude with which enquiries on such subjects can be made 
and answered. 

The two principal results of the railway telegraph are thus 
economy and sa/efy— economy in rolling stock and stores, safety 
to passengers and staff; besides which, a far greater number of 
trains can be safely passed than the companies dare put upon 
their rails, especially on crowded sections, without this wonder- 
ful adjunct. The quick succession and varying speed of trains, 
eoupled with the complication of points and approsiches to the 
principal stations and junctions, have rendered essential this 
instantaneous and carefiil electric monitor, that might in the old 
times of slow and occasional trains perhaps be dispensed with. 

Railway shareholders may congratulate themselves upon this 
practical realisation of the old fable of the mouse and the lion ; 
many meshes encumbering our iron roads have been broken by 
the operation of the puny wires, and the profits from sudk 
xindertakings immeasurably increased. It is indeed a question 
whether some railways would pay any dividends at all without 
the assistance of the telegraph in conducting their operations ; 
and it is certain that without this agency on some of the more 
important lines, the rails along their busier sections would have 
to be doubled and in some cases quadrupled in number, at a 
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ruinous outlay, in order to accommodate even the existing 
traffic. 

170. In train-signalling it is customary to place stations within 
very short distances of each other near the termini or important 
junctions, and at greater distances on other parts of the railway, 
pretty much in proportion to the traffic passed ; the principle 
being to prevent any train passing upon a given section between 
the two signalling points, until the preceding train has been 
signalled forward &om the station in advance. With this pre- 
caution put in force, no two trains can be upon the same section 
at once, and the chance of collision is thus precluded. This 
plan is known as the " block system," and is of course some- 
what costly to introduce ; but when we look at the expense to 
the railway resulting from a single accident, apart from the 
far more important object of saving life, the outlay upon such a 
mode of safeguard sinks into insigniacance. 

Before describing the various plans in operation, some prin- 
ciples may be referred to that should be characteristics of any 
train-signalling arrangement. The Sjcst essential is ** current 
equilibrium " — ^the batteries in the stations at the opposite ends 
of each section being connected by their similar poles through 
their respective sign^Udng apparatus to the wire, as shown in the 
following diagram : — 

Fig. 131. 



TJelejTV^ 



luns^si' 



if 




Secrih 



The currents thus tending to pass from each battery, are 
opposed and balanced. On the balance being disturbed by any- 
thing being wrong with battery or wire, the instruments are at 
once thrown out of order, and signals given at both ends. The 
diagram, Eig. 131, shows the effect of a leakage of electricity 
from any cause at E, allowing a flow of the current to take 
place from the batteries at boti^ ends. There is thus a double 
advantage, as the apparatus acts as a tell-tale upon itself, and 
also enables a guard or passenger, by merely cutting the signal- 
wire at any point between the telegraph stations, to announce 
at once, in both directions, any casualty,* as the train-signalling 
Apparatus at each end of the section would be instantly thrown 
out of order tOl the wire was joined together again, affcer assist- 
ance arrived or the train was enabled to proceed. 
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The receirmg (or iudicating) part of the instrament should 
be so arranged Qtat the wammg giren ahaU remain aa a perma- 
nent record tdll removed by the station giving the warning. 

A distinct and simple form, of eignal ie another reqoirement, 
and daring the last few years a great improTement has been 
efibcted in this direction by the actual incorporation of the ordi- 
nary railway semaphore signals into the electric apparatos ; ao 
that those in charge of the out-door signals and points are 
warned by the same signals in tbe telegraph instrument — signala 
with which every railway station-master, pointsman, or porter 
is neceHBaiily conversant. The advantage of this method is 
apparent, even apart &om the trouble saved in teaching tiia 
railway employSs anynovel telegraph signals. 

The other conditions to be embodied, as tax as practicable, 
are, economy in number of wires, low battery power, easy regu- 
lation, and strength of apparatus, so that it may bear working 
by the heavy hands of r^waj pointsmen. 

In some apparatus the signals are supplemented by bells 
either in connection with the se 




Inventtd by 



ITl. The first traia-eignalling instrument I shall describe is 
that of Mr. 0. V. "Walter, Telegraphic Engineer to the South- 
Eaatem EaUway. 

The exterior or indicatiDg part of the apparatus is shown in 
fig. 132, and presents to the eye of the railway employ^ a rail- , 
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way semapliore in miniature. The abaded or warning arm is 
regulated by a very simple arrangement of electro-magnets 
within, and is only moved and fixed by electric signals from the 
other station upon the same section. The position of the left-- 
hand arm, shaded (red), is made to represent from time to 
time the state of the line of rails to which it belongs — ^whether 
** clear " or ** blocked" — ^in precisely the same language as the 
out-door signal ; so that a signal-man who understands the one 
understands the other. The other (white) arm moves with the 
signalling key of its own instruments, when sending warning 
to the other station as to the state of the down line. 

The semaphore arms have but two motions: when up, to 
indicate a train on the line ; when down, that the rail is dear. 
No signal-man can alter the position of the red arm on his own 
instrument, and it is put up behind a train by the next station, 
and lowered as soon as the train has passed that station. Until 
put down by the other station, no other train on the same line 
of rails is allowed to pass on to the section. The signal-currents 
are set in motion by a simple form of contact-key. The internal 
arrangement of the indicating apparatus is shown in fig. 133. 




Fig. 133.— Walker's Semaphore Bailwav Telegraph. Diagram of indicating 

apparatoAi 

Two Y-shaped permanent magnets, c c, are pivotted on the 
bearing a. A to-and-&o motion is given to them by the poles, 
A A, of the electro-magnetic coils, D D. The pin i, which is 
moved by the magnets, acts upon the semaphore arms, and is 
locked by the stud E on the independent armature B. 

The arrangements are so made that the arms are firmly locked 
in the position in which they have been placed by the electric 
current, that they cannot be displaced by vibration from passing 
trains, or external violence, whether accidental or not. The 
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receipt of the reverse current from the other station can alone 
move them. 

In connection -with the semaphore there are signal-bells, by 
which attention is first called, and the state of line or nature oi 
train indicated by a simple system of beats, before the sema- 
phore signal is changed. 

This form of train-signal instrument combines the advantages 
of simplicity and economy, only one wire being required to signal 
the state both of the up and down lines on any section of rail- 
way. The method has been put to the severest tests on the 
South-Eastern and other railways, particularly where the traffic 
is heaviest and most intricate, as in the approaches to the 
London Bridge Terminus and the Ghaiing Gross and Cannon 
Street Stations. 

I will now quote a few important rules laid down by the 
South-Eastern Bailway to preclude two trains running on any 
signalling section of the rails in the same direction at one 
time: — 

** Every train or engine must be signalled out to the next 
station b^ore it leaves or passes a station." So that when the busi- 
ness of the day, for instance, commences. Station B. knows that 
train No. 1 is asking permission to come to him from Station A. ; 
and, to prevent all misunderstanding — '^ The train or engine 
must not be started, or allowed to pass, until the next station 
has taken the out signal." It is not enough for the first station 
to give the signal — ^the other station must take it; for, ''no 
signal given by one station is complete until taken by the other 
station repeating it ; " by which process a clear understanding is 
established between the two signallers, that the precise signal 
sent by one is received by the other. The next rule applicable 
is, that '* every train or engine that arrives at or passes a station 
is to be immediately signalled back in to the last station ; " and 
it follows, from what has been already stated, that ''no second 
train or engine is to be allowed to follow till the in or arrival 
signal of the previous train has been taken." * 

It is also provided that the in signal is only to be given when 
the tail-lights have actually been seen, or the guard of the train 
spoken to, so as to avoid the chance of any part of the train 
having become detached and left behind on the section over 
which the train has just been signalled. 

172. A somewhat similar mode of signalling was devised by 
Mr. Preece in connection with the South-Western Eailway. A 
sketch and section of his arrangement is shown in figs. 134 and 
135. 

♦ ** Train Sgnalling," by C. V. Walker, F.E.a 
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The prmdpal difference betwesn. thia plan 
and Messrs. Walkers' is found in the eloc- 
trical portion of the apjioratuf 
both up and down traina, Mr. Pieeee employs 
three wires and separate instruments, while 
Messrs. Walker need but one. He claimB 
this as an advantage, in point of safety, upon 
the following grounds : — 

"When three wires are employed, fie all 
dear signal is maintaiaod by a eonstant and 
permanent flow of electricity. The result is, 
that if ihia onrreut be interrupted or stopped 
by any cause, the arra. will at onco fly upi 
and the danger signal be exhibited. When 
one wire only is employed, the ; 
eignala are produced by momentary ourronta 
of eleotridty, and the permanence of the 
signal is maintained by local magnetisn 
gravity — the result is, that n 
of the apparatus or wire is reported, and the 
instrument may continue to show safety 
when danger recilly exists. 

"A signal is shown upon an instrnmont 
worked on one wire, and actuated by mo- 
mentary currents, which is Hupposed to bo 
an indication of the signal represented at 
the other station : but thia i ' 
illusory and dangerously deceptive. Such a 
signal is practically made by the outgoing 
cnrrent before it arrives at tlie distant station, 
and it may act correctly upon the one in- 
strument with- 
out having af- 
fected the other. 

"The use of 
momentary cur- 
rents necessarily 
leaves what is 
termed an open 
circuit, and ren- 
ders theinstm- 
mente pecu- 
liarly liable to 
all tba disturb- 
ances of atmo- 
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spheric electricity. A flash of lightning might directly enter 
the wire, and derange both instruments, but when three wires 
and permanent currents are employed, the lightning would at 
once be conducted quietly to the earth, without passing through 
the semaphore." 

There are two batteries at the signalling station— one which 
sends currents in one direction, and the other which sends the 
reyerse. The working leyer of the semaphore is placed in 
electrical connection by a wire, with the stud of the piston- 
key. The upper stud E of the adjusting points is placed in 
connection with one battery, the lower stud F with the other 
battery. Now when the working lever rests against the stud E, 
it enables the key to send currents in one direction, which 
deflect the indicator over to ** ow " ; and when the lever presses 
ag;ainst F, it causes the key to send currents £rom the opposite 
direction, which cause the indicator to point to ** off." It there- 
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Fig. 136.— Iyer's Bailway Telegrap • 

fore follows, that in whatever position the arm of the semaphore 
at the receiving station may be, the indicator at the sending 
station will always correspond with it, with this important re- 
servation that the signal must have been first acknowledged 
upon the bell ; and as it is ruled that every signal sent must be 
acknowledged, it results that the indicator at the sending 
station must be a fSEdthfal repeater of the signal at the receiving 
station* 



SU THE ELBCTTBIO TELBOEAFH. 




BARTHOLOMEW'S AND SPAGNOLETTI'S INSTRUMENTS. 216 

The necessity for three wires and separate mstmments with 
this apparatus is, howeyer, a considerable drawback in point of 
economy. 

173. An arrangement for signalling by pointers, as shown in 
fig. 136, was introduced by Mr. Tyer before the semaphore sys- 
tem was suggested, and is used on several railways. 

174. Messrs. Bartholomew and Spagnoletti have each de- 
Tised train signalling instruments of a similar character as 
regards the method of indicating, which is carried on by discs, 
which axe made to fill an opening in the dial face of the instru- 
ment, as shown in fig. 137. 

The instrument is worked by two keys, one for each disc, and 
labelled the same as the discs, so that by pressing down the 
white key labelled "line clear," the white disc {line dear) ap- 
pears in the aperture of the green dial, and on pressing down 
the red key, labelled " train on line," the red' disc {train on line) 
appears on the green dial ; thus one signal only, and the one 
intended to be shown, can be seen; hence no concision or doubts 
can arise. The dial being green, and the discs red and white, 
by the contrast of colour a dear and unmistakable signal is 
obtained. 

Either of the keys can be pegged down by a pin, which passes 
through an eye by the side of each key, so that either signal 
can be kept on as long as necessary. These instruments are so 
constructed, that whicheyer signal is giyen at the station, the 
same must show at the one to which it is sent ; and when a 
signal is giyen, and the key pegged down, it cannot be reyersed 
from the end to which it is sent. 

This instrument also registers the gradual exhaustion of the 
battery, so that the battery can be attended to before it becomes 
too weak to. perform its work. 

A single striking bell is worked in connection with the 
apparatus, separately, or attached to the instrument; if the 
former, it has a key of its own ; if the latter, on either of the 
sending keys being pressed down, the signal is shown, with 
a simultaneous stroke of the bell ; so that by haying a code 
of the number of the beats on the bell, a corroboration is giyen 
to the signals shown by the discs. 

In this plan three wires are required to work an up and down 
line ; while it does not appear to possess the same adyantages 
as the semaphore form of signal. 

175. Various ingenious plans haye been introduced recently 
to proyide the means of communication between guards and 
passengers. Those of Mr. Walker and Mr. Preece are, perhaps, 
the best known. The principle adopted in each is to rin^ an 
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electric beU, or give a signal in the guard's van by moying a 
contact-liandle (or bell-pull, as it might b& termed) in any com- 
partment of the carriages. A small indicator or signal is shown 
outside the carriage in Mr. Walker's method, directing the 
attention of the guard at once to the compartment from which 
the alarm emanates. 

In Mr. Preece's arrangement a thin glass £ace covers the bell 
handle in the carriage, and must be broken before the bell can 
be sounded. 

An instance was recently given, showing the use of this pre- 
caution to the Exeter express, on the London and South- 
western Railway. When approaching Orediton, on the North 
Devon line, an alarm was raised, and the attention of the guard 
was immediately attracted to the train ; but, observing nothing 
wrong, the train was not stopped until it reached the next fixed 
signals. It was there discovered that a passenger had need- 
lessly, if not wilfully, rung the bells. The glass feuse, which 
usually protects the handle or bell-pull from the mischievous 
and curious, was broken, and the haiidle turned to the position 
that not only rings the bells, but which so securely locks and 
fixes it, that the passenger cannot restore it; and therefore, 
with the broken glass, leads to his certain detection. The 
passenger's name was taken for the purpose of prosecution, and 
the train proceeded. 




Fig. 13!.— HBUley'sUagneUc Needle Idegnph. 
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CAKES UPON CELBEITT 0? TaAKSUiaSIOK, BTO. 

179. Different speed of Tuioiu (elegispha and opentora. — 177. Conditiou 
upon wLioli celerity depends. — 173. Speed dependent npon power of 
Teeeiving ftppuatoa or operator. — 179. Speed of the donUe-needle 
telegraph.— 180. Speed ofBright'a aooufltio Telegraph.— 181. Spaed 
of the magnetie needle ingtmiaeata. — -182. Speed of Morse')! and 
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BometimM affecla eeleritj. — 185. Uieaof the electric telegraph. — 186. 
Babjeel-matUTof diap»lahei. — 187. UUlity of telegraph ta rulvaja. 

CBI^EBITY OF TBAKBUSBIOIT. 

176. Ai.THauaH it be trae that the eignab mada at any one 
telegtaphio statioii are rendered inBtantaneously apparent at 
another, no matter how distant, it most not therefore be in- 
ferred that the transmisaion of meBsagee by the telegraph is 
equally inatantaneons. Not only is this not the case, bnt the 
celerity yriih which mess^as are conveyed between station and 
station, so as to be rendered practically available for the pur- 
poses of intercommunication, difTera very much when one form 
of tel^raphio instrument or one pair of operators ia compared 
with another. 
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The profitable result of the operation of any telegraph is 
evidently measured by the number of words which it is capable 
of transmitting within a giyen time, in Buch a shape as to be in- 
telligible by the person to whom the message is addressed. This, 
whidi we shall call the celerity of transmission, and which is 
quite distinct from the yelocity with which electric signals are 
conyeyed from station to station, is therefore a most important 
element in the estimation of the yalue of any telegraphic appa- 
ratus. 

177. This celerity of transmission depends upon a great 
number of circumstances, seyeral of which are independent of 
the telegraphic apparatus. The principal of these are : — 

1. The skill and agility of the transmitting agent. 

2. The quickness of eye, activity and attention of the re- 
ceiving agent. 

3. The instrument used for transmission, 

4. The instrument used for reception. 

5. The distance to which the dispatch is transmitted. 

6. The insulation more or less perfect of the line wires. 

7. The weather. 

With all and each of these conditions and qualities the 
celerity with which the dispatches are received and rendered 
available at their place of destination, varies, and with some of 
them this variation extends to very wide limits. 

178. Different telegraphists have very different powers as to 
celerity. These powers depend on practice as well as upon 
natural ability and aptitude, and on manual dexterity. Not 
only is it necessary to transmit the signals in quick succession, 
but to do so with such distinctness that they shall be readily 
interpreted, and such correctness as to render repetitions unne- 
cessary. Li this respect telegraphists having equal practice 
differ one from another as much as do clerks, some writing 
rapidly and legibly, some rapidly but not legibly, some legibly 
but not rapidly, and some neither rapidly nor legibly. The 
relative ability of telegraphists in this respect is partly mental 
and partly mechanical, depending as much upon quickness of 
intelligence, attention, and observation, as upon t"«tit»»^^ 
dexterity and address. 

The great liability to delay, arising from the fedlure of the 
transmitter to render himself understood by the receiver, is 
rendered manifest by the fact that in all telegraphs conventional 
^igns are established for the words, "wait," "repeat," "not 
understood," "understood," "proceed," and the like. When 
the transmitter is going on faster thaji the. receiver can take 
•down the words or understand them, then the latter remits the 
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sign to "wait," and if this sign is several times repeated, the 
necessity of proceeding slower is apparent. If the receiver 
mistakes a sentence, word, or letter, he remits the sign to 
"repeat." At the end of each message, he remits the sign 
" understood, " and so on. Nov it ''^^ be easily conceived that 
this necessity for frequent interchange of signs between the 
receiver and transmitter must affect, in an important degree, 
the celerity of transmission ; and that its frequency must de- 
pend, not only on the abilities of the telegraphic agents, but 
also on the character of the signs transmitted by the instru- 
ments, according as they are more or less obvious and un- 
equivocal. 

It is a remarkable and very curious circumstance, that 
independently of the mere celerity, clearness, and correctness 
of transmission with certain telegraphic instruments, each tele- 
graphist has a manner and character, which is so peculiar to 
himself, that persons receiving his dispatch at a distant station, 
recognise his personality with as much certainty and fiEicility as 
they would recognise the handwriting of a correspondent, or 
the voice and utterance of a friend or acquaintance, whom they 
might hear speak in an adjacent room. The agents habitually 
engaged at each of the telegraphic stations, in this way, soon 
become acquainted with those of the other stations on the same 
line, so that, at the commencement of a dispatch, they imme- 
diately know who is transmitting it. 

While the aptitude of the transmitter is partly manual or 
mechanical, that of the receiver of a dispatch is not at all so. 
In some telegraphic instruments, as we have seen, the presence 
of a receiving agent is unnecessary, the dispatch being written 
or printed by the apparatus itself. In all instruments, how- 
ever, which merely exhibit arbitrary signals, expressing letters, 
numbers, or words, the celerity must depend on the skill, apti- 
tude, and quickness of eye of the receiver, to catch and commit 
to paper the succession of letters or words, as fast as the 
signals expressing them are produced before him. 

In general, it is much more easy to transmit rapidly 
than to receive rapidly. The transmitter knows beforehand 
what signs he is about to produce, while each of them comes 
upon the receiver altogether unforeseen, and if, in the celerity of 
their succession, one or more of them escape his eye, ho is 
obliged either to guess at the missed letter or letters, which he 
<can sometimes do with all the requisite clearness and certainty, 
or he must arrest the transmitter, which he does by giving 
the sign, " repeat," and so delay arises. 

In telegraphs which workby a series of visible si^n&ocQA^as^^^ 



220 THE ELECTEIO TELEGRAPH. 

whether they be deflections of the needle, as in the English in- 
stroments, beats of muffed bells in the acoustic apparatus, 
attitudes of the arms, as in the French State instmmentSy or 
pointers directed to the letters or figures on a dial, as in the 
railway instruments, the celerity of the transmission must be 
determined by the power of the less able of the two agents, the 
transmitter and receiver. If the transmitter be able to send the 
letters more rapidly than the receiver can read and take them 
down, he must moderate his pace to the limit determined by 
the power of his correspondent. If the receiver be capable 
of reading and taking down faster than the transmitter is able 
to send the letters, his superior force is useless. He can only 
write the dispatch as fast as he receives it. To send dispatches 
with the greatest advantage of celerity, the agents yoked to 
corresponding instruments ought to be selected of as nearly 
equal ability as possible, since the slower of a pair necessarily 
neutralises the superior skill of his fellow, and the dispatch 
would proceed with equal celerity if he were yoked with a less 
able correspondent. 

As quickness of hand is essential to the transmitter, quick- 
ness of eye is necessary to the receiver. 

179. Li all forms of telegraph which express the letters by 
signals, such as the needle acoustic instruments, and the 
French State telegraph, a certain pause is necessary be- 
tween letter and letter, to prevent the signals being con- 
founded one with another, "hi. the single needle instrument, 
the letters being expressed by from one to four deflections of 
the needle, and in the double needle, from one to two, the 
mean time of each letter is that of two and a half deflections 
in the one, and one and a half in the other, the intervals 
between letter and letter being the same in both. It must, 
however, be remembered, in comparing the relative celerity of 
difliBrent instruments, that the double needle instrument, as 
well as the French State telegraph, is, in fact, two independent 
telegraphs, having not only separate and independent trans- 
mitting and indicating apparatus, with their respective acces- 
sories, batteries, &c., but separate and independent conducting 
wires. It is, in effect, as if two equaHy powerful and inde- 
pendent steam engines were united in the same work, in order 
to obtain double power. 

As long ago as 1850, Mr. Walker made some calculations, with 
the view to determine the average celerity of transmission at that 
time with the double needle instrument in the hands of compe- 
tent operators, and published the results in his work on electric 
telegraph manipulation. Eleven messages were timed, all of 
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more than the usual length, the shortest consisting of 73 and 
the longest of 364 words. The total number of words was 2638, 
and, consequently, their average length was 240 words. The 
total time of transmission was 162 minutes, and, consequently, 
the average number of words transmitted, per minute, was 16J. 
The greatest speed of transmission was 20^, and the least 8;^ 
words per minute. 

The Secretary of the Electric Telegraph Company, Mr. 
Eoudrinier, also caused a sufficient number of messages, trans- 
mitted in the ordinary course of business with the double 
needle instrument, to be timed, and the following were the 
results : — 

11 Messages. — Number of words in the addresses . . 84 
,, J, ,, messages . . 160 



Total number of words tranfooitted . 244 



Total time of transmission . . . . . 689 seconds. 
Average number of words transmitted per minute . . 21i 

It appears, therefore, that the average celerity of trans- 
mission with this instrument has increased in the ratio of about 
16 to 21. 

The greatest celerity of transmission was, in this case, 24^, 
and the least 16| wordis per minute. 

180. In the acoustic telegraph, where the signals are produced 
by short quick blows upon two muffled bells of a different pitch, 
the speed of transmission is found in practice to exceed either 
the double needle instrument, or the Morse and other recording 
telegraphs. In the needle instruments the signal is given to 
the eye, which is a much less flexible organ than the ear ; and 
in the recording apparatus the signals are much longer in dura- 
tion on an average, the distinctions being made by differences 
of duration. The average speed of the acoustic telegraph is 
between thirty and forty words per minute. 

181. The manner in which the magnetic electric current 
affects the needle in the arrangement adopted by the Magnetic 
Telegraph Company, being somewhat different from that pro- 
duced in the common needle instruments, worked by the 
Electric Telegraph Company, although the systems of tele- 
graphic signals are not essentially different, it appeared pro- 
bable that the difference between the instruments might more 
or less affect the celerity of transmission. Mr. Bright, the 
Secretary of the Magnetic Coihpany, some years ago timed a 
series of dispatches transmitted in the ordinary course of busi- 
ness, and the return showed :— 
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74 Messages. Total number of words . . 2792 

Time of transmission .... 102°^ 6" 



Ayerage number of words per minute . . . 27i 

The greatest celerity of transmission attained in this series of 
messages was 37J words per minute. 

The entire series consisted of messages transmitted £rom 
London to Liverpool, on a pair of double needle instruments, at 
different times of the day, and were carefully tabulated. Li the 
series, several messages were included, tiie transmission of 
which was exceptionally slow, owing either to the difiB.cult 
nature of the commimications, consisting of long words in 
private cipher, or of the names of foreign towns, or, in fine> 
from the inaccuracy or slowness of the transmitting derk in 
London. It would seem, therefore, that this series of messages 
includes fair conditions for an average result. 

It would, therefore, appear that the needle instruments 
worked by the magneto-electric current used by this company 
are, c<Bteris paribus, susceptible of greater celerity of transmission 
than the instruments in which the needles are affected by the 
common voltaic current, in the ratio of about 27 to 21, or 9 
to 7. 

One of the causes which has been assigned to this increased 
efiGlciency, is the fact that the needles of the magnetic instru- 
ments have a dead heat, while those of the voltaic instruments, 
in striking the stops, have a recoil, and vibrate two or three 
times before they come to rest. Whether this be the real cause 
of the difference, further experience must prove, but it is difficult 
to imagine that it can be due to any cause independent of the 
instruments, seeing the large number of messages from which 
the average has been computed. 

1S2. The writing and printing telegraphs are independent of 
a receiving agent, the receiving apparatus in all these being 
automatic. Those who print the dispatch in the common letter- 
press characters have the further advantage of being wholly 
independent of the skill of any agent to interpret or decipher 
them. * 

The celerity of ti'ansmission attainable with the Morse tele- 
graph, which of all the forms of telegraphic apparatus hitherto 
invented is the most extensively used, is very considerable, but 
varies perhaps still more than tiie needle instruments, with the 
skill of the telegraphist. 

In this instrument, it will be remembered that the trans- 
mitting agent plays upon a key-commutator, the letters being 
severally expressed by repeated touches of the key succeeding 
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each other, after longer or shorter intervals. At the station 
receiying the dispatch, the armature of the electro-magnet 
moves simultaneously with the transmitting key, and at each 
of its motions towards the magnet it produces a distinctly 
audible click. The receiving agent acquires by practice sudi 
e^pertness and quickness of ear, that by listening to this 
clicking he is able to interpret tiie dispatch, and to write it 
down or dictate it to a clerk without using the apparatus for 
impressing it upon the paper ribbon. 

Different telegraphists acquire this power of oral interpreta- 
tion of the dispatches with different degrees of facility and 
precision ; but all are more or less masters of it. So much so, 
that in most cases on the American lines, it is by the clicking 
of the magnet that the messages are taken down, being after- 
wards corrected, if necessary, by comparison with the indented 
paper ribbon. 

The telegraphist is placed at a table, upon which the instru- 
ment stands, having before him the paper upon which the 
message is to be written, and at his left a provision of blacklead 
pencils ready cut and pointed, usually half a dozen. When 
the transmission of the message commences, the electro-magnet 
dictates it to him, letter by letter, at the same time indenting it 
upon the paper ribbon. He writes it down, and, in general, it 
is delivered by the magnet as fast as he can write it, availing 
himself of all such abbreviations as are intelligible to those 
who may have to read it. As the points of the pencils are 
successively worn he lays them on the table at his right hand. 
A person engaged exclusively in that process, visits his table 
from time to time, repoints the pencils lying on his right, and 
replaces them on his left. This person passes round the tele- 
graph office, from table to table, keeping up a constant supply 
of properly pointed pencils at the hand of each telegraphist. 

The most expert telegraphists are able to take down the mes- 
sages in this manner by ear, without any reference to the 
ribbon, and so correctly that there is no need of subsequent 
verification. When the message is concluded^ the sheet on 
which it is written is handed to another clerk, who is provided 
with a stock of envelopes, in one of which he encloses it ; and, 
writing the address upon it, delivers it to a messenger, who 
forwards it to the. party to whom it is addressed. Meanwhile 
the paper ribbon, on which the message has been indented in 
the telegraph ciphers, is cut off, folded up, and preserved for 
reference. 

It is only, however, the most expert class of telegraphists 
that can operate in tiiis way. Others, less able, are always 
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obliged to yenfy and correct wliat they liaye taken down, by 
comparison -with the indented ribbon, after the message has 
been concluded ; while others, less able still, cannot trust 
themselyes to take down hy ear, and sit before the ribbon as it 
is discharged from the roller, writing out the message from, it 
hy eye. 

The salaries allowed to different agents vary according to 
the skill they attain in these operations. One who acquires the 
power of taking down rapidly and correctly hy ear will receive 
twice the amount allowed to him who can only take down hy 
eye^ the latter being always much slower than the former. 

It often happens that the power of interpreting easily and 
correctly hy ear is yery important, as in the case in whidi the 
mechanism of the instrument for moying and indenting the 
paper may haye been accidentally deranged and disabled, or 
in which the office may be deficient in its supply of paper 
ribbon. 

By the oral method of reception the entire receiying appa- 
ratus, except the electro-magnet and its armature, is dispensed 
with. 

If a mistake is committed by the transmitting agent, in con- 
sequence of which a word or phrase is imintelligible, the 
receiying agent intercepts the current, and signifies that the 
word is to be repeated, and at the same time tears off the 
erroneous part of the ribbon. This, however, is a circumstance 
of rare occurrence. 

When a yery long dispatch is transmitted, and arrives with 
greater celerity than that with which an agent can transcribe 
it, the ribbon may be divided, and two agents put to work at 
once at its transcription. The reports of Congress and public 
meetings transmitted to the journals, afford examples of this. 

These reports may be, by one operation, transmitted to all 
the towns upon the same telegraphic line. 

In some cases long dispatches, such as those addressed to 
the journals, are expedited by two or more instruments on 
different wires. The dispatch is, in this case, divided into two 
or more parts, marked 1, 2, 3, or A, B, c, &c., and these parts 
are simultaneously transmitted to their destination, being re- 
united there after .their arrival. This expedient, however, can 
only be resorted to where there are two or more line wires, 
which is a rare case in the United States. 

All that has been said above relating to Morse's telegraph 
may, mutatis mtUandts, be applied to other telegraphic instru- 
ments, which write in cipher the dispatches by self-actiiyg 
machinery. 
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When dispatches are transmitted by means of ^, key -com- 
mutator, with Bain's telegraph, the operation being precisely 
similar to that of Morse, the celerity of transmission by opera- 
tors of equal skill ought to be the ^ame. Nevertheless, when 
the Bain system was used on several lines by the Electric 
Telegraph Company, many years ago, a series of messages 
were timed, of which the following is the summary of the 
results : — 

63 Messages. — Total nninber of words in the address . 456 
„ „ „ messages . . 991 

Total nnmber of words transmitted . . 1447 

Total time of transmission . . . . 4454 seconds. 
Ayerage nnmber of words transmitted per minnte • . 19^ 

It appears, therefore, that as this telegraph is worked in 
England, its rate of transmission is slower than the double 
needle, or acoustic telegraphs. 

183. It is an amusing fact, that music has actually been 
transmitted in this way by means of its rhythm. The following 
is related by an eye-witness of the experiment at New York : — 

* * We were in the Hanover Street office when there was a pause 
in business operations. Mr. W. Porter, of the office at Boston, 
asked what tune we would have. We jreplied ' Yankee Doodle,' 
and to our surprise he immediately complied with our request. 
The instrument commenced drumming the notes of the tune as 
perfectly and distinctly as a skilful drummer could have made 
them at the head of a regiment ; and many will be astonished 
to hear that ' Yankee Doodle ' can travel by lightning. We 
then asked for * Hail Columbia !' when the notes of that national 
air were distinctly beat off. We then asked for 'Auld lang 
syne,' which was given, and *01d Dan Tucker,' when Mr. 
Porter also sent that tune, and, if possible, in a more perfect 
manner than the others. So perfectly and distinctly were the 
sounds of the tunes transmitted, that good instrumental per- 
formers could have had no difficulty in keeping time with the 
instruments at this end of the wires."* 

That a pianist in London should execute a fantasia at Paris, 
Brussels, Berlin, and Vienna, at the same moment and with 
the same spirit, expression, and precision as if the instruments, 
at these distant places, were under his fingers, is not only 
within the limits of practicability, but really presents no other 
difficulty than may arise from the expense of the performances. 
From what has been j]ist stated, it is clear that the time of 

* Chambers's Papers for the People, vol. ix. No. 71. 
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music has been already transmitted, and the production of the 
sounds does not offer;any greater difficulty than the printing of 
the letters of a dispatch. 

184. Although ^e distance to which the dispatch has to be 
sent cannot be said directly to affect the celerity of transmission, 
there are circumstances nevertheless which in practice render 
the transmission to great, slower than to lesser distances. 
Long direct circuits are, as a rule, only kept up where there are 
a sufficient number of messages between the two points to keep 
them well employed throughout the day. In other cases mes- 
sages are passed on from one station to another, and have occa- 
sionally to wait on their journey till a wire is clear of prior 
work, and it is their turn to be sent on a farther stage. 

And eyen though it may be practicable to establish a direct 
communication between two very distant stations by putting the 
wires in immediate connection, more or less delay must neces- 
sarily take place. The telegraphist who transmits, must first 
send a message along the line to all the intermediate stations to 
require the wires to be imited for direct commimication. At 
these intermediate stations, the wires may be employed, and 
the message must wait until they are free. 

Thus, although it be true that so far as the electric fluid and 
the apparatus by which it is transmitted are concerned, they 
are capable of sending a message from pole to pole in an inap- 
preciable interval, yet the machinery of telegraphy as practi- 
cally constructed presents causes of delay which prevent in 
many cases this vast celerity from being called into action. 

Besides these causes of delay, there are, however, others. It 
has been stated that the intensity of the current is diminished, 
coeteris parilmSf as the distance is augmented. "When transmis- 
sion therefore to great distances is required, various expedients, 
at intermediate stations, such as relay batteries or relay mag- 
nets, or both, are required, and notice must be given to apply 
these even when they are provided. 

The chances of interruption by reason of defective insulation 
or accidents to the wires, are also increased in proportion to the 
distance. 

As may be naturally expected, examples of direct tele- 
graphic communication to great distances are supplied by the 
United States. 

On the lines of the O'Eeilly Company of New York, messages 
are daily transmitted without any intermediate repetition to a 
distance of 1100 miles, that is from New York to LouisviUe in 
Kentucky. 

" To do this, it is found necessary to place two relay instru- 
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ments and batteries in the circuit at a distance of 400 miles apart, 
for the purpose of renewing the electric current, part of which 
•escapes from defective insulation and atmospheric causes. 
By similar arrangements of relays with intermediate batteries 
a-t several intermediate points, New Orleans and New York 
are placed in instantaneous communication with each other. 
To enable this to take place, requires, in the first place, a line 
substantially built and thoroughly insulated. It may be re- 
marked, that it is but a few years since, when to telegraph 300 
miles on a single or un]?roken circuit, was considered a feat; 
now, from improvements made since then in telegraphs, we can 
send over 1100 miles easier than we could 300 at that time. At 
first, in many telegraph offices in the United States, they 
used a separate battery for each line. From a series of experi- 
ments made, one single battery, of no greater strength than 
those formerly used, now works eight distinct and separate 
lines, with no apparent diminution of strength, and at a great 
saving of expense to the ofi&ce." * 

The directors of the lines at New York report that their tele- 
graph messages have in some cases been actually transmitted 
without intermediate repetition to a distance of 1500 miles, and 
in the same way London is frequently connected direct to 
Vienna, St. Petersburg, and occasionally even Odessa; while 
on the Atlantic cable direct signals have been passed through 
8700 miles without relay. 

The promptitude wilit which dispatches are expedited, and 
the celerity with which they are transmitted, will be greatly 
promoted in all cases by a uniform system and organisation 
being established upon the lines over which they are trans- 
mitted. No greater cause of delay can exist than that which 
arises from diversity of telegraphic instruments and language. 
Much inconvenience, expense, and delay also arise even in cases 
where similar instruments and ciphers are used, from a want of 
uniformity in the various parts of the apparatus, and in the 
systems of abridgments which are adopted in the language. 
Where the instruments and the parts of apparatus have been 
constructed of varying patterns and sizes, they cannot be readily 
replaced in cases of wearing out or accidental fracture. By the 
adoption of one uniform size and pattern, depots of all the parts 
may be provided, from which any station wHch may be stopped 
by an accident can be inmiediately supplied with the part or 
parts which require to be replaced. Aiother advantage inci- 
dental to such uniformity is greater economy in the mainte- 
nance of the apparatus and lines. 

♦ Report of Mr. O'Reilly. Jones's EL TeL^ ^. VC^\. 
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The batteries inyaiiably used by the American telegraplis are 
those of Grove, each element of which consists of a cup of iin- 
glazed earthenware, placed in a glass tumbler of equal height 
and greater diameter. A zinc cylinder is let down between the 
glass and the earthenware cnp, and a platinum cylinder is let 
down into the earthenware cup. The space between the cups 
is then filled with acidulated water, and the earthenware cup 
is fiUed with pure nitric add. These batteries are, however, of 
a much more expensive class than those used in England* 

THE USES OF THE ELEOTBIO TELEGBAFH. 

185. To form an estimate of the uses which the electric 
telegraph subserves, it would be necessary to obtain a report 
of the subjects of the messages classified, with the relative 
number of each class, which are transmitted from and received 
by the chief telegraphic stations. 

The prevailing subjects of the dispatches vary according to 
the station from or to which they are sent. Thus, as might 
naturally be expected, in large commercial marts, such as 
Liverpool and Glasgow, they are chiefly engrossed by messages 
of mercantile firms and business. GHieir prevailing subjects 
also vary much with the season of the year. Thus, in summer* 
the messages of tradesmen are greatly multiplied in conse- 
quence of the number transmitted by dealers in perishable 
itides, such as fish, fruit. &c., ^hidi m^ be suppUed in 
regulated quantities with the greatest promptitude. 

The following classification of 1000 dispatches passed by the 
British and Irish Magnetic Telegraph Company from Liverpool 
in February, 1867, has been made. The comparative numbers 
vary, however, with the time of the year; for instance, the 
number of betting messages would be largely increased in the 
Eacing Season : — 

General merchants 42 

Stock and share transactions . . . . 147 

Ship insurers, brokers, &c 170 

Banking messages 9 

Com dealers 21 

Betting 1 

Personal and domestic 124 

General brokers 131 

Tradesmen 40 

Cotton brokers, &c 2S)5 

Law 14 

Political 6 

1000 
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186. Mr. Walker Has given the following list of the subjects 
of telegrams, as a specimen of the uses which the public make 
of this mode of communication. 



Accidents 


Customs 


Markets 


Post-horses, && 


AnnonncementB 


Deaths 


Medical aid 


Bemittances 


Appnintments 


Departures 


Meteorology 


Bepoi-ters 


Arrests 


Dispatches 


Missing trains 


Bespite 


Arrivals 


Elections 


Murders 


Bobberies 


Bankers 


Elopements 


News 


Boyal movements 


Beds 


Expresses 


Nurses 


Sentences 


Bills 


Funds and Shares 


Orders 


Shipping news 


Births 


Govemmeut 


Passengers 


Ship-stores 


Commotions 


Health 


Payments 


Turf 


Corps 


Hotels 


Police 


'Witnesses 


Counsel 


Judgments 


PoUtical 


Wrecks 


Couriers 


Lost luggage 







Cipher or code has been found of great use in preventing 
errors, especially where messages have to pass through the 
hands of foreign clerks. Words of a very simple and easy class 
may be used and yet each so unlike in spelling as not to be 
readily confounded, thus obviating in a great measure the mis- 
takes that frequently arise in the transmission of figures, frac- 
tions, &c. The code system allows of great condensation of 
messages, single words being made to express whole sentences. 
In composing code messages for transmission through Foreign 
countries it is well to use names of towns, &c., well known 
abroad. The British Qovemment dispatches are usually formed 
by groups of figures. 

The obstacle to the extension of the uses of the telegraph, 
created by the tariff, has been of late greatly lessened by 
the considerable reduction of the prices of transmission, and 
it may be hoped that ere long the companies and the public will 
discover that the interest of the one and the convenience of the 
other will be best promoted by a still further reduction of price, 
and a still larger use of this mode of intercommunication. 

It is probable and desirable that something approaching to 
the uniform postage system may eventually be realised in the 
telegraph. The British and Irish Magnetic Telegraph Com- ' 
pany are now trying the effects of a Qd, charge for ^ort dis- 
tance messages on their line between Dublin and Kingstown, 
and between Cork and Queenstown, &c. ; and the London Dis- 
trict Telegraph Company charge 4<?. per message between the 
ofi&ces they have opened in conjunction with the Magnetic 
Company in London and the suburbs. 

187. Li the management of railway business in all QouxLtds/s^^ 
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but more especially upon our own ever-crowded and over- 
worked lines, the telegraph has become an indispensable acces- 
sory, without which this mode of locomotion would be deprived. 
not only of its efficiency but its safety. Consequently the rail- 
ways in most countries have been provided with lines of tele- 
graph expressly and exclusively for their own use, independ- 
ently of those which are appropriated to the public service ; and 
on the continent, as already explained, such telegraphs are* 
usually alphabetic, that is, such as convey their messages by 
pointers, which are successively directed to the letters of the^ 
words, so that any of the railway officials who can read, may be 
able, though slowly, to interpret a message which arrives, or 
to transmit one to a distant station. 

To illustrate the vast utility of the telegraph to the railway, 
Mr. Walker gives the following as a classification of their sub- 
jects : — 

Messages. 

1. Concerniog ordinary trains • . • . 1468 

Special trains 429 

Carriages, trucks, goods, sheets, &c. . 795 
Company's servants . . . . 607 

Engines 150 

Misoellaneons matters . • . 162 
Messages forwarded to other stations . 499 



2. 
3. 
4. 
5. 
6. 
7. 



Total .... 4110 



On the extended systems of railway telegraphs now con- 
structed, a vast number of messages are transmitted in con- 
ducting the traffic. On important and widely-spread lines, 
like the London and North Western, South Eastern, Lanca- 
shire and Yorkshire, &c., &c., as many as 300,000 messages are 
sent by each in a year. Li many cases the guards of railway 
trains are now provided with portable telegraphs. By these 
the conductor of a train can, whenever the train is stopped 
between stations, whether from accident or other cause, give 
immediate notice to the preceding and succeeding stations; so as 
to prevent a collision by a following train overtaking that which 
is accidentally stopped ; or if necessary he can call for an engine 
to carry on the trahi, or any other aid that may be required. 

Notices of the passing, starting, and arrival of trains are- 
however transmitted from station to station, quite independent 
of any accidents that may arise, so that all the station-masters, 
so far as relates to the movement upon the line, are endowed 
with a sort of omnipresence ; so conscious are they of the pos-- 
session of this power and its value, that their language is that 
of persons who actually see what is going on at vast distances^ 
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from them. Thus, they axe in the common habit of saying — 
''I just saw the train pass such or such station," fifty miles 
distant perhaps, when in reality all he saw was the deflection of 
the needle of their telegraph. 

*' If trains are late, the cause is known ; if they are in dis- 
tress, help is soon at hand : if they are heavy, and progress but 
slowly, they ask and have more locomotive power either sent to 
them or prepared against their arrival; if there is anything 
unusual on the line they are forewarned of it, and so forearmed; 
if overdue, the old plan of sending an engine to look after them 
has become obsolete — a few deflections of the needle obtain all 
the information that is required." * 

The utility of special trains is well known. News of the 
utmost importance, or a government courier bearing dispatches 
of the greatest urgency, arrives at one of our ports and demands 
a train instantly for conveyance to London. Now in such cases 
it does not often happen that a ^sposable engine is found at the 
station where the demand is presented ; but the telegraph sends 
a dispatch along the line, calling one from the nearest station at 
which one can be Ibund, and when the engine has been 
obtained the special cannot start with safety unless the line is 
cleared for it. 

The telegraph again interposes its aid, and sends a notice 
along the line of the moment of starting^ from which, com- 
bined with the known speed of the train, the exact moment 
when it will pass every station upon the line is known, and of 
course the line is cleared for it, and all danger of collision re- 
moved. How frequent are the occasions for appealing to the 
telegraph for this aid without which special trains would not 
only be less rapid, but infinitely less safe, as well for them- 
selves as others, may be seen by reference to the analysis of 
dispatches we have given above, from which it appears that in 
three months, upon the South-Eastem lines, there were not 
less than 429 messages respecting special trains, that is at the 
rate of about five per day. 

In the general management of the traffic upon an active 
line of railway, an incalculable amount of capital and current 
expenditure is saved by the telegraph. Without it rolling 
stoick would require to be provided in much greater quantity, 
and a far greater unprofitable wear and tear by useless trips, of 
what in railway language are called " empties," would take 
place. By the telegraph, as we have stated, each station- 
master is ubiquitous so far as the lino is concerned. He knows 

* « Telegraph Manipulation," p. 84. 
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where caxriages, waggons, tracks, sheets, and engines are to be 
found, and how many of them, and he calls by the telegraph so 
many, and no more l^an he wants, and at the time he wants 
them, &om the nearest or most conyenient station where they 
are to be obtained. 

Before the establishment of the telegraph, some of these 
objects were imperfectly attained by means of pilot engines, 
that is engines taking no yehide, which habitually run along 
the line to carry messages £rom station to station. As an 
eyidence of the immense saying effected by the telegraph in 
the practical working of railways, on some railways the oost 
of maintaining and working a single one of those pilot engines, 
(all of which haye been superseded by the telegraph,) amounted 
to a greater sum than is now required to defray the expense of 
the entire staff of telegraph clerks, and the mechanics and 
labourers employed in cleaning and repairing the instruments 
and maintaining the integrity of the line wires. 




Pie. lSi.—Boi\j meOioi of coiUi« coble iu Hie bold of tmkL 

CHAPTER XVII. 

USES OP THE TELEQEAPH. 

188. PreTGntioTi of Bocidents.— ISS. Its itiea b the detection of crime. 
— 190. FereoDel and domcBtio mesogei. — 191. Etectrio news-roaniB. 
— Transmisaion of intelligeaca. — 1S2. Telegtapli much naed forcom- 
Inerce. — 193. lUuatcations of the utilitj for political purpoMi.— 
194. Illnstratians of its ciomestic and cesernl use.— 195. Secrec; of 
diBpatoiiefl and cipher meeaiges. — 196. ABBOoiation of New York 
journals. — !97. Bcceipts of telegraph &om press. — 19S. CBGofele»> 
trio telegraph ia delerminiiig longitiidea. 

188. Aaasa the eerions railvay accidents -which, might have 
beeD, or actuallywere prevented hy the telegraph, the following 
Iiave been mentLoned : — 

In a atorm, the wind blew a first-clasB railway carriage, 
which stood in an open shed .at a second-claaa station, and 
putting it in motion upon a very level line, sent it flying with 
accelerated speed to tbe terminal station. No telegraph at 
tliat time existed to warn eitlier the intermediate or terminal 
stations of the event and the approaching danger. The vehicle 
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was actually hhwn over twenty-one miles of railway, but the 
trip it thus took occurring fortunately at an hour of Ihe night 
when little business was going on, it came to rest without any 
calamitous result. 

** On New Year's Day, 1850, a catastrophe, which it is fearful 
to contemplate, was averted by the aid of the telegraph. A 
collision had occurred to an empty train at Gh:avesend ; and the 
driver having leaped from his engine, the latter started alone at 
full speed to London. Notice was immediately given by tele- 
graph to London and other stations ; and while the line was 
kept dear, an engine and other arrangements were prepared as 
a buttress to receive the runaway. The superintendent of the 
railway also started down the line on an engine; and on 
passing the runaway, he reversed his engine and had it trans- 
ferred at the next crossing to the up-Hne, so as to be in the 
rear of the fagitive ; he then started in chase, and on overtaking 
the other, he ran into it at speed, and the driver of his engine 
took possession of the fagitive, and all danger was at an end. 
Twelve stations were passed in safety : it passed Woolwich at 
fifteen miles an hour : it was within a couple of miles of London 
before it was arrested. Had its approach been unknown, the 
mere money value of the damage it would have caused might 
have equalled the cost of the whole line of telegraphs. They 
have thus paid, or in a large part paid, for their erection. 

'* As a contrast to this, an engine, some months previously, 
started from New Cross toward London. The Brighton Com- 
pany had then no telegraphs ; and its approach could not be 
made known. Providentially, the arrival platform was clear ; 
it ran in, carrying the fixed buffer before it, and knocked 
down, with frightful violence, the wall of the parcels ofl&ce." * 

189. Among the general uses of the telegraph to the pubHc^ 
many examples of the detection of crime are mentioned. It is 
generally known that the notorious Tawell, after the com- 
mission of the murder, started for London from Slough, by the 
Great Western Eailway. Notice of the crime, and a descrip- 
tion of his person, however, flew with the speed of light along 
the wires and arrived at Paddington so much earlier than the 
murderer himself, that upon his arrival he was recognised^ 
tracked from place to place, finally apprehended, tried, con- 
victed, and executed. 

One night at ten o'clock, the chief cashier of the bank re- 
ceived a notice from Liverpool, by electric telegraph, to stop 
certain notes. The next morning the descriptions were placed 



* (( 



Telegraph Manipulation." 



AUXILIAEY TO POLICE. 285 

upon a card and given to the proper officer, to watch that no 
person exchanged them for gold. Within ten minntes they 
were presented at the counter by an apparent foreigner, who 
pretended not to speak a word of English. A clerk in the office 
who spoke German interrogated him, when he declared that he 
had received them on the Exchange at Antwerp six weeks 
before. Upon reference to the books, however, it appeared 
that the notes had only been issued from the bank about four- 
teen days, and therefore he was at once detected as the utterer 
of a falsehood. The terrible Forrester was sent for, who forth- 
with locked him up, and the notes were detained. A letter was- 
at once written to Liverpool, and the real owner of the notes- 
came up to town on Monday morning. He stated that he wa» 
about to sail for America, and that whilst at a hotel he had 
exhibited the notes. The person in custody advised him to 
stow the valuables in his portmanteau, as Liverpool was a very 
dangerous place for a man to walk about with so much money 
in his pocket. The owner of the property had no sooner left 
the house than his adviser broke open the portmanteau and 
stole the property. The thief was taken to the Mansion-House, 
and conld not make any defence. The sessions were then going^ 
on at the Old Bailey. Though no one who attends that court 
can doubt that impartial justice and leniency are administered 
to the prisoners, yet there is no one who does not marvel at the 
truly railway-speed with which the trials are conducted. By 
a little after ten the next morning — such was the speed — ^not 
only was a true bill found, but the trial by petty-jury was. 
concluded, and the thief sentenced to expiate his offence by ten 
years' exile from his native country. 

The following additional illustration is taken from an article 
on the subject which appeared in the " Quarterly Eeview,"' 
extracted from the telegraph book preserved at the Paddington 
station :^ 

'< Paddington, 10.20 A.2C.— 'Mail train just started. It 
contains three thieves, named Sparrow, Burrell, and Spurgeon,. 
in the first compartment of the fourth first-dass carriage.' 

" Slough, 10.48 A.M. — 'Mail train arrived. The officers Tiave- 
cautioned the three thieves,* 

** Paddington, 10.50 A.M. — ' Special train just left. It con- 
tained two thieves : one named Oliver Martin, who is dressed 
in black, crape on his hat; the other named Fiddler Dick, in 
black trousers and light blouse. Both in the third compart- 
ment of the first second-class carriage.' 

''Slough, 11.16 A.1C.—' Special train arrived. Officers have- 
taken the two thieves into custody, a [lady having'Jbst k«& "b^s^ 
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containing a purse with two soyereigns and some silver in 
it ; one of the sovereigns was sworn to by the lady as haying 
been her property. It was found in Piddler Dick's watch- 
fob.' 

''It appears that, on the arrival of the train, a policeman, 
opened tiie door of the ' third compartment of the first second^ 
class carriage/ and asked the passengers if they had missed 
anything P A search in pockets and bags accordingly ensued, 
imtil one lady called out that her purse was gone. ' Fiddler 
Dick, you are wanted,' was the immediate demand of the 
police-ofl&cer beckoning to the culprit, who came out of the 
carriage thunderstruck at the discovery, and gave himself up, 
together with the booty, with the air of a completely beaten 
man. The effect of the capture so cleverly brought about is 
thus spoken of in the telegraph book : — 

" Slough, 11.51 A.M. — * Several of the suspected persons wbo 
<}ame by the various down-trains are lurking about Slough, 
uttering bitter invectives against the telegraph. Not one of 
those cautioned has ventured to proceed to the Montem.' 

"Ever after this the light-fingered gentry avoided the 
railway and the too intelligent companion that ran beside it, 
and betook themselves again to the road — a retrograde step, to 
which on all great public occasions they continue to adhere." 

190. Personal and domestic messages are most generally con- 
fined to cases of urgency, and often of distress, painful or 
ludicrous, as the case may be. Persons in easy circumstances, 
often resort to the telegraph to gratify a caprice or to] obtain 
some object of gratification for which they are impatient. The 
mixture of subjects which the agents in rapid succession read 
from the needles is most curious. " We have," says Mr. 
Walker, "ordered a turbot, and also a coffin; a dinner, and 
3, physician ; a monthly nurse and a shooting-jacket ; a special 
engine, and a chain cable ; an officer's uniform, and some Wen^ 
ham-lake ice; a clergyman and a counsellor's wig; a royal 
standard, and a hamper of wine; and so on. Passing over 
the black leather bag which some one every day appears to 
leave in some train, passengers have recovered luggage of 
the most miscellaneous character by means of the telegraph. 
In the trains have been left a pair of spectacles, and a pig ; an 
umbrella, and LayardCs Nineveh; a purse, and a barrel of 
•oysters; a great-coat, and a baby; and boxes and trunks, et 
id genus omne, without number." 

191. Independently of the direct use made of the electric tele- 
graph by the general public, for the transmission of private 
•dispatches, the several companies have established, in various 
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principal places, news-rooms, "where intelligence is from hour 
to hour posted, as it arrives from all parts of the world. 

The Telegraph Company, soon affcer its establishment, opened 
subscription news-rooms in the chief towns of England, espe- 
cially those of the northern counties, in which intelligence of 
every description which could interest the general public was 
posted from hour to hour during the day, immediately on its 
transmission' from London. These establishments did not, 
however, receive the necessary public support, and with one or 
two exceptions, they have been discontinued. There is, how- 
ever, in the Lothbury establishment, besides the priva);e message 
department, a general intelligence ofi&ce, in which the news 
published in the morning journals is condensed and transmitted 
to the Exchanges of Liverpool, Bristol, Manchester, Glasgow, 
and other chief provincial centres of business. 

During the day, the London and other news is collected, 
condensed, and transmitted to the offices of upwards of 400 
provincial papers, which thus receive during the night before 
their publication the most recent intelligence of every sort re- 
ceived by telegraph from all parts of Europe, besides the cur- 
rent news of the United Kingdom to the latest moment. The 
chief of this department, Mr. 0. V. Boys, and numerous assist- 
ants, are exclusively engaged in the business of this department, 
and their office presents all the appearances of the editor's room of 
a widely circulating journal. At six in the morning the news 
staff are to be seen deep in the ^* Times" and other daily 
papers, just hot from the press, making extracts and condensing 
into short paragraphs aU the most important news, which are 
immediately transmitted to the country papers to form second 
editions. Neither does the work cease here, for no sooner is 
a second edition published in London than its news, if of more 
than ordinary interest, is transmitted to the provinces. Arrived 
at the chief places in direct communication with London, 
swifter than a rocket could fly the distance, like a rocket it 
bursts, and is again carried, by diverging (branch) wires into a 
dozen neighbouring towns of less magnitude and importance. 

Besides this organisation for the general transmission of 
dispatches from the great metropolis to the provinces, there 
are some curious special arrangements made for the satis-* 
faction of the wants of particular classes. Thus a wire is exclu- 
sively appropriated to communications between the Octagon 
Hall of the Houses of Parliament and the telegraphic station in 
St. James's-street, the centre of the West-end clubs. This par- 
ticular wire should be called the ** whipper-in " of the House, 
for it is nothing more than a call- wire for members. The com- 
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pany employ reporters during the sitting of Parliament to make 
an abstract from the gallery of the business of the two Houses 
as it proceeds, and this abstract is forwarded at very short inter- 
yals to the office in St. James*s-street, where it is set up cmd 
printedy additions being made to the sheet issued as the MS. 
comes in. This flying sheet is sent half-hourly to the following 
dubs and establishments : — Arthur's ; Carlton ; Oxford and 
Cambridge; Brookes*s; Conservative; United Service; Athe- 
naeum ; Reform ; Travellers' ; United University ; Union ; and 
White's. Hourly to Boodle's, Guards, and Army and Navy 
Clubs ; and half-hourly to the Royal Italian Opera. The shortest 
possible abstract is of course supplied, just sufficient, in fauct^ 
to enable the afker-dinner M.P. so to economise his proceedings 
as to be able to finish his claret and yet be in time for the 
ministerial statement, or to count in the division. The follow- 
ing, for instance, is a fac-simile of the printed abstract: — 
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TIME. 
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M. 
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House made. 

Petitions for Priyate Bills. 

Public Petitions. 






attention to the paragraph 
in the Qaeen^s speech, and 
to make a statement thereon. 
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30 


Unopposed Returns. 
Notices of Motions. 
Questions. 






He hoped the House would 
not press for information be- 
fore Monday next. 






On the motion for adjournment 
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30 


Mr. Hardy moving for Bill to 






until Monday, 






establish Asylums for the 
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Mr. 0. Forster inquiring in- 
tentions of Goyemment as to 






Sick, Insane, &c. of the Poor 
of the Metropolis. 






the Law of Forfeiture on con- 
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Still speaking. 






▼ictions of Felony. 
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Ditto. 






Mr. Walpole intimated lie 






Mr. Ayrton observations. 






would bring in a Bill on the 






Lord Enfield ditto. 






subject. 






Dr. Brady ditto. 






Motion for Adjournment 






Mr. Locke ditto. 






agreed to. 






Agreed to. 






In answer to Mr. Gladstone, 
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Mr. Walpole moving for Bill 






as to whether the Govern- 






to facilitate inquiries by Royal 






ment could give the House 






Commissions into Trades* 






any information as to the 






Unions, &c. 






mode of procedure on the 
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Still speaking. 






question of Reform, 
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Sir G. Grey observations. 






The Chancellor of the Exche- 






Mr. Hughes ditto. 
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quer stated the notice he 






Mr. Goschen ditto. 






intended to give, was to call 






Mr. Roebuck ditto. 
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Mr. Neate ditto. 
Sir F. Crossley ditto, 
Mr. Ayrton ditto. 






HonsK OF Lords. 
The Duke of Somerset de- 
fended the policy of the late 
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The Attorney-General answer- 
ing objections. 

Mr. W. Porster observations. 
Mr. Einnaird ditto. 
Mr. Whailey observations. 
Mr. Walpole replied. 
Motion agreed to. 






Admiralty. 

The Earl of Dudley called at- 
tention to the threatened 
Political Procession on Mon- 
day. 

The Earl of Derby deeply re- 
gretted the affair, but it was 
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30 


Mr. R. Gumey moving for 
Bill to remove some defects 
in administration of the 






within the law. The Go- 
vernment would take mea- 
sures to preserve the peace. 






Criminal Laws. 
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50 


Lords Adjourned. 






Agreed to. 












Remaining business disposed 
of. 
HousB Adjourned until 4 
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40 












o'clock on Monday. 









The wire to the Opera is a still more curious example of the 
eocial services the new power is destined to perform. An abstract 
of the proceedings of Parliament, similar to the above, but in 
writing is posted during the performance, in the Lobby ; and 
Young England has only to lounge out between the acts to 
know if Disraeli or Lord John BusseU is up, and whether he 
may sit out the piece, or must hasten down to Westminster. 
The Opera-house even communicates with the Strand-office, so 
that messages may be sent from thence to all parts of the 
kingdom. The government wires go from Somerset-house to the 
Admiralty, and thence in one direction to Portsmouth and Ply- 
mouth by the South- Western and Great Western Bailways; 
and in the other to the naval establishments at Deptford, 
Woolwich, Chatham, Sheemess, and to the Cinque Ports of 
Deal and Dover. They are worked by a staff provided by the 
telegraph companies, and the more important messages are 
usually sent in cipher, the meaning of which is unknown even 
to the telegraphic clerks employed in transmitting it. Li 
addition to the wires already spoken of, street branches run 
from, Buckingham Palace and Scotiand-yard (the head police- 
office) to the station at Charing-cross, and thence to the city ; 
whilst the Post-office, Lloyd's, Capel-court, and the Com 
Exchange communicate directly with the central offices. 

The telegraph companies haye made combined arrangements 
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by wliicli the correspondents of the press are allowed to forward 
messages upon an entirely different basis ; the charge for intel- 
ligence so transmitted amounting to only one-third of the charge 
to the public, the matter being more voluminous, and in a great 
measure passing through the wires at a time when they are not 
otherwise occupied. 

The companies also supply the press and news-rooms in 
various parts of the United Kingdom with news by contract, at 
the rate of about one haL^enny per line of ten words ; and are 
enabled to do so by making manifold copies of the information 
(whatever be its nature) for the use of all the press, &c., in each 
town or district through which such news passes. 

Under such arrangements, intelligence to the amount of four 
doaely printed newspaper columns, or more, daQy, is trims- 
mitted between all the stations, conveying information of the 
various share, com, cotton, coal, iron, cattle, provision, and 
produce markets ; fairs, shipping arrivals, foreign and domestio 
information, Gazette news, Parliamentary reports, &c. Each 
piece of news, whatever its nature, obtained in one town being 
conveyed to all the rest : the arrival of vessels in Liverpool, the 
result of a market in Glasgow, or of a cattle fair at Balli- 
nasloe, affording intelligence for the whole of the United King- 
dom, and vice versd. 

In order to carry out this system, the companies employ paid 
agents, news collectors, parliamentary reporters, &c., under the 
direction of Mr. Boys in London. 

The following anecdote may amuse, in connection with news- 
paper telegraphing: — "Four Scotch newspapers have each a 
special telegraph wire between London and Scotland — ^the Scota^ 
man, and the Daily Review, in Edinburgh, and the Herald and 
the Mail, in Glasgow — ^by which important news items are 
nightly transmitted to the respective journals. Whether there 
is any great necessity for such expensive newspaper enterprise, 
it is not our province to inquire ; it is enough for our purpose 
to say that * special wiring ' has become a feature of Scottish 
journalism, if it is not also a millstone round its neck. The 
other night Mr. Moffat, who transmits news from London to the 
Glasgow Daily Mail, arrived late at the Gresham-street telegraph 
station, and found to his dismay that the gate was shut and 
bolted, and the night porter sound asleep. Knocking was of no 
xise, kicking had quite as little effect ; ilie porter slept the sleep 
of the man with an easy conscience. "Wiat was to be done ? 
The doughty Scot knew that high up in the building a telegraph 
clerk waited anxiously for the last of his * copy,' and he further 
knew, to his cost, that there were pains and penalties attached 
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to the non-transmissioii of the * latest intelligence.' At length 
a bright idea struck him. He ran to Threadneedle-street, tele- 
graphed to Glasgow that the * special- wire * porter was asleep, 
and requested the clerk at the Glasgow end to let the Gresham- 
street derk know that such was the case. This involved tele- 
graphing nearly one thousand miles, but, nevertheless, within 
ten minutes the Gresham-street telegraph clerk received the in- 
structions, came down stairs, awoke the slumbering official, and 
gave admission to the excited journalist and his batch of 
*copy!'" 

192. It is a fact well known that the electric telegraph is much 
more extensively xised for all purposes, political, commercial, 
and domestic, in the United States than in this or any other part 
of Europe. The rates for messages were at one time lower in 
the United States than in Europe, but now on an average the 
American charges are considerably higher, while the number of 
words of an ordinary average are limited to ten, instead of the 
twenty allowed in liiis country. We must therefore refer the 
more extensive use of the wires among our Trans-Atlantic 
descendants to the great distances between many important 
towns in America, and to the comparative slowness and uncer- 
tainty ef their postal communication. In the United Kingdom 
a letter can be transmitted by post in a few hours, and the Post 
Office, by its promptitude and punctuality, supersedes the use 
of the wires in a vast number of cases. 

In addition to this, the population of America are much more 
migratory and speculative, and therefore far more inducements 
to use the telegraph exist. 

We shall notice the question of the tariffs hereafter. 

The classes of messages entitled to precedence are government 
messages, and messages for the furtherance of justice in detec- 
tion of criminals, &c. ; then death messages, which include 
cases of sickness when the presence of a party is sent for by the 
sick and dying. Important press-news comes next ; if not of 
extraordinary interest, it takes its turn with the mercantile 
messages. 

Commercial houses resort largely to the telegraph. Eor ex- 
ample: a person purchasing goods in a market, gives his 
reference to the merchant — such reference being perhaps 700 or 
800 miles away from him. By the aid of the telegraph, the 
merchant can learn the standing of his customer, even before 
the purchase is completed. There are bankers, brokers, &c., 
that receive and send, on an average, ten or twenty messages 
per day, throughout the year. 

The telegraph is sometunes used by commercial m^eiLtA ^kss^^ 
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as great an extent as tlie mail. This can be better illustrated 
by the number of messages sent and received between cities 
whose commercial relations are intimate, during the hours from 
10 A.M. to 5 P.M. For instance : there are transmitted daily, 
between the cities of London and Manchester, or New York and 
Boston, 1000 or more messages ; three-fourths, if not four-fifths, 
of which are transmitted between the hours above named. The 
number of messages sent by a commercial house is governed by 
the excitement there is in the market of the particular article 
they may be dealing in. If there are ** ups and downs ** in the 
market, money is lavished upon the telegraph, freely. 

It offcen happens that a person desires to ** converse " with 
another 400 or 500 miles off. An hour is appointed to meet in 
the respective oflSces, and they converse through the operator. 
Cases may be mentioned of steamboats being sold over the wires 
— ^the one party being in Pittsburg, the other in Cincinnati. 
Each party wrote down what they had to say, higgled awhile, 
and finally concluded the sale. Their correspondence was filed 
away, like other messages, and kept for reference, if ever called 
in question. It is often used by parties, when from home, cor- 
responding with their families. Sometimes it is the messenger 
of woe ; and anon, that of pleasure. In the early part of 1852, 
the Astor House of New York, and the Burnet House of Cin- 
cinnati, had a series of telegraphic parties. An account of one 
of them was published in the ** Cincinnati Gazette," the parties 
conversing being about 750 miles apart. 

In the same way the chess clubs of Liverpool, Dublin, Man- 
chester, &c., occasionally arrange to meet in rooms attached to 
the telegraph offices, and play chess matches through the wires, 
each move being thus dictated. 

The following example of the activity of journalism is 
given by Mr. Jones, who was himself a telegraphic agent for 
the newspapers : — ** Some time back the Asia arrived at Quaran- 
tine, near New York, about 8 p.m., and was detained an hour 
by the health officer. The agent of the New York Associated 
Press and of the New Orleans Merchants' Exchange, Mr. Jones, 
to gain but a few minutes, had a boat in readiness when the 
Asia brought to. A small bag, containing the latest news, was 
handed over the steamer's side, to the small boat. By great 
exertions she gained New York half-an-hour ahead of the Asia, 
The bag was opened — a copy of her news was handed to us, 
addressed to the Merchants' Exchange, New Orleans, signed 
* Jones ' — to work we went. It was being transmitted over the 
wires amid the thundering of the Asians cannon, as she rounded 
the point ; and a complete synopsis of her commercial and politi- 
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cal news was received in Lonisville, 1100 miles in the interior, 
before the ship had actually reached the city." In the same 
way, the steamers from America have been met, for years prior 
to the establishment of the Atlantic Telegraph, by special tele- 
graph steamers off the coast of Ireland, at Cape Clear, Crook- 
haven, and Greencastle; and the news brought on their home- 
ward voyages wired to England and the continent of Europe 
many hours before their arrival in port. 

193. The recent attempts of the Fenians to effect a rising in 
Chester and Ireland were baffled by timely advice given by 
the wires to the government, troops, and police. 

In his reports to Congress, Prof. Morse has supplied various 
examples of the use made of the telegraph by all classes of persons. 
During the Philadelphia riots of 1844, the mayor of that city 
sent an express by railway to the President of the United States 
at Washington. On the arrival of the train at Baltimore, the 
contents of the express transpired, and the telegraph, which was 
then just put in operation between Baltimore and Washington, 
not being yet established elsewhere in the States, sent on the 
substance of the dispatch. The President held a cabinet council 
while the dispatch itself was coming, and had his answer pre- 
pared and delivered to the messenger who brought the dispatch 
at the moment of his arrival, who returned with it instantly to 
Philadelphia. 

194. Medical consultations occasionally take place by tele- 
graph. A patient in or near a country village desires to 
consult a leading medical practitioner at four or five hundred 
miles distant. With the aid of the local apothecary, or with- 
out it, he draws up a short statement of his case, sends it 
along the wires, and in an hour or two receives the advice he 
seeks, and a prescription. Cases are recorded in which electric 
marriages have been contracted between parties separated one 
from another by many degrees of latitude. A correspondent of 
the author of a paper in Chambers's Collection states, that in 
the United States '* the telegraph is used by all classes, except 
the very poorest — ^the same as the mail. A man leaves Ids 
family for a week or a month ; he telegraphs them of his health 
and whereabouts from time to time. If returning home, on 
reaching Albany or Philadelphia, he sends word of the hour 
that he will arrive. In the towns about New York the most 
ordinary messages are sent in this way — a joke, an invitation 
to a party, an inquiry about health, &c. In our business we 
use it continually. The other day, two different men from 
Montreal wanted credit, and had no references. We said, * Very 
well ; look out the goods, and we will see about it/ Mda3&:^^c^3^ 
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we aeiked our Mends in Montreal, * Are Pump and PBOser good 
.for one hundred dollars each ? ' The answer was immediately 
returned, and we acted accordingly, probably much to our cus- 
tomers' surprise. The charge was a dollar for each message, 
distance about 500 miles, but much further by telegraph, as it 
has to go a round to avoid water. If my brother goes to Phila- 
delphia, he telegraphs, * How is the family ? What is doing ? ' — 
I answer, ' All well. Sales so much,' and so on." * 

195. It has been contended by some, that one of the most 
serious drawbacks to the general extension of the use of the 
electric telegraph is the impracticability of preserving that secresy 
which the seal confers on written correspondence, the absence 
of which would utterly annihilate the utility of the post-office. 
The imperious necessity of guarding this secresy inviolate, is 
apparent in the heavy penalties attached to the rupture of the 
seal, which can only be effected with impunity by a 'special 
authorisation of a secretary of state. The vital importance of 
preserving secresy in the telegraph is implicitly acknowledged 
by the heavy penalties, the smallest of which is dismissal, 
imposed in all countries on the agents who disclose the contents 
of private telegraphic correspondence. 

Secresy is of course ensured by the use of any species of 
cypher, but this supposes that the parties corresponding have 
previously prepared the cypher, and are mutually possessed of 
its key. Such a condition can only be practically fulfilled by 
correspondents having habitual need of intercommunication, 
such as mercantile establishments interchanging news of the 
markets, stocks, sales, and other commercial details ; but for 
the occasional communications of domestic life it is quite un- 
available. 

If the same privacy as is afforded by the post-office can be 
thus secured to telegraphic communications; and if by the 
multiplication of their wires, and the improved efficiency of 
their instruments, the companies are enabled to reduce their 
tariff to a still lower limit, and to base it on some uniform 
principle similar to the admirable penny-postage system of Mr. 
Eowland Hill ; it is difficult to foresee tiie extent of the revolu- 
tion which this noble gift of science to mankind may effect. 
Great as the benefits have been which the post-office has con- 
ferred, they will sink to nothing compared with those of the 
telegraph. In estimating the importance of the part reserved 
for this vast agent of civilisation, it must not be forgotten that 
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it is still in its early infancy, and that its most wondrous powers 
are not yet developed by tune and growth. 

It is, however, only in rare instances that cypher messages 
are resorted to. The public confidence has been won by the 
general secresy observed by the telegraphic agents, and in 
general no apprehension of disclosure prevents persons fix)m 
sending the most private and confidential dispatches in the 
usual manner. One of the directors, who for four years has 
had the superintendence of extensive lines, states, that in that 
interval he never heard of an instance of the contents of a dis- 
patch being divulged. 

Another circumstance which experience has made manifest 
has given security to the public on this point. It appears that 
the agents who are for many hours labouring at the machine in 
the transmission of dispatdies, word by word, rarely are able 
to give that kind of attention to the sense and purport of the 
whole which would be necessary to the dear understanding of 
it. Their attention is engrossed exclusively in the manipula- 
tion necessary to transmit letter after letter, and they have 
neither time nor attention to spare for the subject of the whole 
dispatch. The case is very analogous to that of c ompositors 
in a printing-office, who, as ia well known, go through their 
work mechanically, without giving the least attention to the 
subject. 

A sort of code, or abbreviations, are much in use, however, 
by mercantile houses. This is practised more for the sake of 
economy than secresy, although the latter purpose is also 
attained. The firm and its correspondents have a key in 
which are tabulated a number of single words, each of which 
expresses a phrase or sentence, such as is of frequent occur- 
rence in such communications. The following example of such 
a commercial dispatch is given by Mr. Jones. The dispatch to 
be sent consisted of 68 words, as follows :— 

** Flour MarJeet/or cormnon and fair brands of western is lower ^ 
with moderate demand for home trade and export. Sales, 8000 
hhls, Genesee at 5 dols, 12. Wheats prime in fair demand, market 
firm, arnmum description dull, with a downward tendency, sales^ 
4000 hushds a;t 1 dol, 10. Oom, foreign news unsettled the rnarket; 
no sales of importance made. The only sale made was 2500 bushels 
at 67 c." 

This dispatch, when converted into code, was expressed in 
nine words, as follows : — 

*< Bad came aft keen dark ache lain fault adapt." 

Complicated systems of code and cypher were invented for the 
transmission of parliamentary and law reports^ 8ajL tS:L<:^*«fb ^ 
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public meetings. "When the tolls, however, were reduced By 
competition, this system was abandoned, and the reports were 
sent in ftdl, or with such abbreviations only as are obvious. 

196. In New York, seven of the principal joumab formed an 
association, many years ago, to telegraph in conmion, sharing 
the expense. Eadi journal was, however, at liberty to order 
for itself any extra intelligence, giving the others, or any of 
them, the option of sharing it. 

Mr. Jones relates that one of the earliest telegraph feats, 
after the extension of the telegraph lines west to Cincinnati, 
was brought about by the agency of the ** New York Herald," 
and before any regular association of the press was formed in 
New York. 

*' It became known that Mr. Clay would deliver a speech in 
Lexington (Ky.), on the Mexican war, which was then exciting 
much public attention. Mr. Bennett, editor and proprietor of 
the 'Herald,' desired us to have Mr. Clay's speech reported 
for the paper. We at once proceeded," says Mr. Jones, *' to 
make arrangements to carry it into effect. We had a regular 
and efficient reporter already employed in Cincinnati, a Mi, G, 
Bennett ; we also had a Mr. Thompson in Philadelphia in co- 
operation with us for some papers there, and which agreed, if 
the speech was first received, to share the expense with the 
* Herald.' The * Tribune ' in New York, and the * North Ameri- 
can ' in Philadelphia, agreed to start for a report of the speech, 
in opposition. From Lexington to Cincinnati was eighty miles, 
over which an express had to be run. Horses were placed at 
every ten miles by the Cincinnati agent. An expert rider was 
engaged, and a short-hand reporter or two stationed in Lex- 
ington. When they had prepared his speech it was then dark. 
The express-man, on receiving it, proceeded with it for Cin- 
cinnati. The night was dark and rainy, yet he accomplished 
the trip in eight hours, over a rough, hilly, country road. The 
whole speech was received at the * Herald ' office at an early 
hour the next morning, although the wires were interrupted 
for a short time in the night, near Pittsburg, in consequence of 
the limb of a tree having fallen across them. An enterprising 
operator in the Pittsburg office, ffiading communication sus- 
pended, procured a horse, and rode along the line amidst the 
darkness and rain, found the place, and the cause of the break, 
which he repaired; then returned to the office, and finished 
sending the speech." 

The Philadelphia ** North American," upon whom the " Tri- 
bune " chiefly depended, failed to get its report, and the latter 
purchased a copy from the ** Herald." 
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The expense of securing the speech by express and telegraph 
amoTinted to about 1002. 

197. The telegraphs have derived a considerable share of their 
revenue from the press. The whole expense, for telegraph 
reports of all kinds, have some years cost the New York Asso- 
ciated Press about 40,OOOZ. per annum. Since the opening of 
the Atlantic Telegraph one American paper alone, the " New 
York Herald," has paid for long dispatches at the rate of a 
sovereign a word. Single dispatches to this paper, giving the 
King of Prussia's speech after peace with Austria, and parti- 
culars of the fight between Mace and Goss, cost over 8001, each. 
The provincial newspapers in England pay the Telegraph Com- 
panies in the aggregate about 20,000Z. per anniim for reports of 
all items of important news. The companies employ their 
agents and reporters to collect and condense information at 
various points; — consisting of markets; shipping arrivals and 
departures; state of weather; political, foreign, and domestic 
news ; abstracts of the parliamentary debates ; results of races, 
&c. This mass of reports averages about four columns daily, 
and is supplied to the newsrooms and newspapers throughout 
the kingdom for a small annual payment from each. In some 
cases the leading newspapers supplement this supply by hiring 
the use of special wires, through which their own reporters 
transmit by means of the company's staff many columns of 
news. On any occasion of great importance, reports in extenso 
are passed through the wires. On one occasion the President's 
speech was telegraphed in full from Liverpool in three hours, 
occupying no less than thirteen columns of close print in the 
London morning papers. 

198. The electric telegraph, an offspring of science, has ren- 
dered to its parent great and important services. 

Prom the moment that it was discovered that the pulsations 
of the electric current could, by means of the conducting wires, 
be transmitted to any distances, its use in the important problem 
of the determination of longitudes became conspicuously appa- 
rent. By reference to Dr. Lardner's tract on Latitudes and 
Longitudes,* it will be seen that the difference of the longitudes 
of two places upon the earth's surface is nothing more nor less 
than the difference of the hour of the day or night, as shown by 
two well-regulated clocks at the two places. Thus, if while it is 
3 o'clock at one place, it is 4 o'clock at the other, the latter is 
one hour of longitude east, and the former one hour west of the 
other ; or, if it be preferred to express the longitude in degrees, 
the one place is 15° east or west of the other. 

* ^'Latitudes and Longitudes'' in Lardner'&M.xvsft;\cssv. 



248 THE ELECTRIG TELEGBAPH. 

Now smce the machinery of the electric telegraph sa|yplies 
the means of making all the time-pieces of whatever kind, or 
wherever placed, which are brought into connection with the 
same system of wires, move in exact accordance ; it is capable 
of making all the time-pieces in the United Kingdom moye in 
exact accordance with the standard chronometer of Greenwich 
Observatory ; or, to take a still larger view of the principle, it 
is capable of governing the movement of all the time-pieces of 
whatever sort, and wherever situated within the range of the 
vast net- work of telegraphic wires, which overspreads the Euro- 
pean continent ; so as to make them move in accordance with 
any standard time-piece, which may by common consent be 
adopted as the common regulator. 

If such an uniformity of chronometers were established, the 
longitudes of all places would be determined by ascertaining 
by observations on the sun, which are always easy and sus- 
ceptible of great precision, the local time, that is to say, the 
time which would be shown by a well-regulated clock on the 
present system. The difference of the two times, that shown by 
the common standard regulator and that shown by the local 
clock, would be the difference of longitude between the place in 
question and the place where the standard regulator would 
i^ow local time. 

In places at great distances asunder, and in different 
countries, such horological uniformity would, at first, for civil 
purposes be attended with some inconvenience, since the hour 
of noon would vary with the longitude. Thus, at a place 15° 
east of the standard station, the hour of noon would be one 
o'clock, and at a place 15° west it would be 11 o'clock. Such 
an inconvenience would, however, only be felt at the moment 
of the change of custom. It is obvious that it would be as easy 
and simple to mark the moment at which the sun passes the 
meridian by 11 or 1, as by 12. 

Incidentally to such an horological uniformity would arise, 
however, the convenience that the hour of noon at all places 
would express their longitude with relation to the standard 
station.4 

The only obstacle to carrying out such arrangements is that 
of the expense of providing the wires and electric power. 

By concert between the Astronomer Eoyal and the several 
Electric Telegraph Companies, the Ghreenwich local time is 
announced at certain hours of the day, at conspicuous places 
in different parts of the coTintry, so that navigators who happen 
to be in any of our ports may avail themselves of these means 
of regulating their chronometers. We have already explained 
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the method of giying a signal daily at one in the afternoon, by 
the fall of a large ball upon the dome of the Eoyal Observatory 
at Greenwich. This being generally visible from a considerable 
extent of the river below London-bridge, masters of vessels 
observing it can regolate their time-pieces or note their errors. 
This system of signals is in progress of extension. By means 
of a galvanic dock at the Observatory, and the conducting 
wires which connect that building with the telegraph station at 
Lothbury, homly signals giving accurately Greenwich ,time are 
transmitted to the offices of the company at Lothbury, and in 
the Strand near Charing Cross. Similar signals are trans- 
mitted several times a day to Tunbridge, Deal, and Dover by 
the wires of the], South-Eastem Company. Signal balls are 
let fall over the dome of the Telegraph Office in the Strand, 
the same instant with the fall of the ball over the Greenwich 
Observatory. Besides this, time-signals are transmitted on the 
wires twice a day, at 10 in the forenoon, and 1 in the afternoon, 
directly from Greenwich to various chief stations upon the 
system of lines of the Electric Telegraph Company. 

From the first instant of the laying of lie wires connect- 
ing the Greenwich Observatory with the stations of the South- 
Eastem Eailway Company and the TeliBgraph Companies, it 
was evident that one of the earliest and most useful applica- 
tions of them would be the determination of the longitudes of 
several of the principal observatories in the British Isles and on 
the Continent. During the year 1853, the earliest opportunities 
were accordingly taken for determining the longitudes of Cam- 
bridge, Edinburgh, and Brussels, which was accomplished with 
complete success, as far as regards the galvanic communications 
and the observations of the signals at all the observatories. 
Subsequently the longitude of Valentia, in Ireland, the most 
western point of Europe, was accurately determined by joining 
up the Magnetic Telegraph wires between London and that 
place, a distance by the line of telegraph of nearly 900 miles. 

The observatories of Greenwich, Brussels, and Paris are now 
placed in direct electric connection by the submarine cables be- 
tween Dover, Calais, and Ostend, to the great advantage and 
advancement of astronomical science. 

In the routine of the business of an observatory, the astro- 
nomical dock is an instrument in never-ceasing use. A part 
of almost every astronomical observation consists in noting 
with the last degree of predsion the moments of time at which 
certain phenomena take place ; and so great is the degree of 
perfection to which the art of observation has been carried, that 
weU-practised observers are able, by the combination of a quick 
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and observant eye and ear, to hised a second, and even ta ap- 
proach to a still more minute division of that small interyaL 
In order to enable the reader fully to appreciate the benefit 
which the telegraph has rendered to astronomy, it will be 
necessary here briefly to explain the manner in which this 
kind of observation has hitherto been made. 

To determine the moment at which the visual ray proceeding 
from a celestial object has some definite direction, two things 
are necessary — 1st, to ascertain the direction of such a ray; 
and, 2ndly, to observe the time when it has such direction. 
The telescope, with its accessories, supplies the means of accom-> 
plishing the former, and the astronomical clock the latter. 

If T t' (fig. 140) represent the tube of a telescope, T the 
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extremity in which the object-glass is fixed, and if the end 
where the images of distant objects to which the tube is directed 
are formed ; the visual direction of any object will be that of the 
line 8^ c drawn from the image of such object formed in the field 
of view of the telescope to the centre of c of the object-glass, for 
if this line be continued, it will pass through the object 8. 

But since the field of view of the telescope is a circular space 
of definite extent, within which many objects in different 
directions may at the same time be visible ; some expedient is 
necessary by which one or more fixed points in it may be per- 
manently marked, or by which the entire field may be spaced 
out as a map is by the lines of latitude and longitude. 

This is accomplished by a system of fibres or wires, so thin 
that even when magnified they will appear like hairs. These 
are extended in a frame fixed within the eye-piece of the tele- 
scope, so that they appear when seen through the eye-glass like 
fine lines drawn across the field of view. 

The system consists commonly of five or seven equidistant 
wires, placed vertically at equal distances, and intersected at 
their middle points by a horizontal wire, as represented in" fig. 
141. When the, instrument has been adjusted, the middle wire 
m mf will be in the plane of the meridian, and when an object 
is seen upon it, such object wiU be on the celestial meridian, 
and the wire itself may be regarded as a small arc of the 
meridian rendered visible. 

The eye of the observer is occupied in watching the progress 
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of the object moving over tie wires im the field of view of the 
telescope. His ear ia occupied in noting and hie mind in 
counting the saccessive beats of the pendulum., which in all 
astronomical clocks ia so constructed as to produce a sufficiently 
loud and distinct eouol, marking the close of each suocessiTe 
second. The practised observer is enabled «„ n, 

with considerable piedsion in this way to 
subdivide a second, and to determine Hie 
moment of the occurrence of a pheno- 
menon within a small fraction of that 
interval. A star, fbc example, is seen to 
the left of file wire m m' at e, fig. 141, at 
one beat of the pendulum, and to the 
right of it at a' with the ' neit. The 
observer estimates with great precision 
tbe proportion in which the wire divides 

the distance between the points e and «', and can tborefore 
determine the fraction of a second after being at (, at which it 
was upon the wire m m'. 

The fixed stars appear in the telescope, no matter how high 
its magnifying power be, as mere ludd points, having no 
sensible magnitude. By the diurnal motion of the firmamemt, 
the star passes successively over all the wires, a short interval 
being interposed between its passages. The observer, just before 
the star approaching the meridian enters the field of view, notes 
and writes down the hours and minvtet indicated by the clock, 
and he proceeds to count the teamdt by bis ear. He observes 
the instant at which the star crosses each of tbe wires; and 
taking a mean of all these times, he obtains, with, a great 
degree of precision, the instant at which the star passed the 
middle wire, which is the time of the transit. 

By this expedient the result has the advantage of as many 
independent observations as there are parallel wires. The 
errors of observation being distributed, are proportionfttely 
diminished. 

When the sun, moon, or a planet, or in general any object 
which has a sensible disk, is observed, the time of the transit is 
the instant at which the centre of the disk is upon the middle 
wire. This is obtained by observing the instants at which the 
western and eastern edges of the disk touch each of the wires. 
The middle of these intervals are the moments at which fbe 
centre of the disk is upon the wires respectively. Taking a 
mean of the contact of the western edges, the contact of tlie 
western edge with the loiddle wire will be obtained ; and, in 
like manner, a mean of the contacts of the eastern edge will 
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give the contact of tliat edge with the middle wire, and a mean 
of these two will give the moment of the transit of the centre of 
the disk, or a mean of aU the contacts of both edges will give 
the same result. 

By day the wires are visible, as fine black lines intersecting 
and spacing out the field of view. At night they are rendered 
visible by a lamp, by which the field of yiew is fEuntly illu- 
minated. 

These points being well understood, no difficulty will be 
found in understanding the manner in which the telegraph has 
conferred vastly increased facility and precision on such obser- 
vations. 

The first service which it has rendered is that of making 
all the clocks in the observatory absolutely synchronous. This 
has been already accomplished with regard to^the solar clocks^ 
that is, those which indicate mean or civil time. It may be, 
and no doubt wHL be, also accomplished, with still greater 
advantage to scienqe, in the case of the astronomical clocks, 
that is, those which mark sidereal time. The several observers^ 
occupied usually in different rooms, have each their own dock. 
Now, however perfect may have been the workmanship of these 
clocks, no two of them can be relied upon to go absolutely 
together for any length of time ; therefore, one of the duties of 
the observer, and of the conditions of good observations, is to 
note the error of his clock — ^that is, its deviation from the 
standard chronometer of the observatory. These errors are 
effaced by the expedient of putting all the clocks in the obser- 
vatory in electrical connection, so that the pendulum of the 
standard chronometer regulates the pulsations of the current, 
and these pulsations again regulate the motion of all the other 
clocks. 

The clocks being thus reduced to^ absolute accordance, the 
next service rendered by the.telegraph to the astronomer consists 
in affording the means of ascertaining the instant of time at 
which any celestial object passes across the micrometer wires, 
with greater facility and precision than were attainable by the 
use of the eye and ear in the method above described. 

This improved method of observation consists in a key com- 
mutator placed under the hand of the observer, which governs 
a current transmitted to an electro-magnet, connected with a 
style placed over a cylinder coated "with paper, upon which 
it receives a puncture when it is driven down by the pulsation 
imparted to the current by the finger of the observer acting 
upon the key. The paper-covered cylinder is kept in imiform 
revolution at any desired rate by dock- work, and another style, 
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impelled by another current receiving its pulsations from the 
pendulum of the chronometer, is driven upon the paper with 
each beat of the pendulum; the interval between two successive 
marks made by this style representing one sound of time. 

Now let us suppose, for example, that by the motion im- 
parted to the cylinder, an inch of the paper passes in each 
second under the style. The style moved by the dock will 
therefore leave a succession of marks upon the paper, at dis- 
tances of an inch asunder. But the particular distance of these 
marks is unimportant, nor is it material that the cylinder 
should be moved with mathematical precision. If its motion 
for the short interval of a second be practically uniform, that 
will sufiGlce. 

When the object, a star for example, approaches the field of 
view, the observer, with his eye to the telescope, holds his 
finger over the key. He sees the star enter the field and ap- 
proach the first wire. The moment it crosses the wire, he 
presses down the key, and the style gives a puncture to the 
paper on the cylinder. In the same manner, when the star 
crosses the second and succeeding wires, he again and again 
presses on the key, and thus leaves as many distinct marks on 
the paper as there are wires. 

After the observation thus made has been concluded, the 
xnarks on the paper are examined, and their distances &om the 
preceding and following marks made by the pendulum style are 
exactly measured, from, which ia inferred the fractional part of 
a second, between the moment at which the star crossed each of 
the wires, and the last beat of the pendulum. 

In this way the time of the transit is ascertained to the hun- 
dredth part of a second. 

The Astronomer Eoyal, noticing this method of observing in 
an address delivered before the Boyal Astronomical Society, 
said, that, ''In ordinary transit observations, the observer 
listens to the beat of a clock while he views the heavenly bodies 
passing across the wires of the telescope : and he combines the 
two senses of hearing and sight (usually by noticing the place 
of the body at each beat of the clock) in such a manner as to be 
enabled to compute mentally the fraction of the second when 
the object passes each wire, and he then writes down the time 
in an observing-book. In these new methods he has no dock 
near him, or at least none to whidi he listens : he observes with 
his eye the appulse of the object to the wire, and at that instant 
he touches an index, or key, with his finger ; and this touch 
makes, by means of a galvanic current, an impression upon 
some recording apparatus (perhaps at a great distance), by 
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which the fact and tho time of the obsenratioii are registered. 
He writes nothing, except perhaps the name of the object 
observed." 

He further observed that it was expected that by this method 

the irregularities of observation would be greatly diminished ; 
whether because the sympathy between the eye and the finger 
is more lively than between the eye and the ear, remains to be 
determined. 

It is worthy of remark also, that punctures can be made 
upon the same revolving barrel by observers employed at two 
or more instruments erected in different rooms, by means of 
keys or commutators, which complete the circuit from the same 
battery to the same puncturing-point. All necessity for oom- 
paring clocks ia, of course, avoided. 

Some difficulties occurred at first in imparting to the cylinder 
a sufficiently smooth and equable motion, the motion given by 
common clock-work being always one made by starts like that 
of the seconds' hand of a pendulum. It was to surmount thiis 
difficulty that the Astronomer Eoyal proposed the substitution 
of the centrifugal pendulum (resembling the governor of a 
steam-engine) for the ordinary oscillating pendulum. In the 
report of the Astronomical Society, it was announced that, 
'* The various difficulties which occurred from time to time in 
the mechanism of the barrel or smooth-motion clock, used for 
giving motion to the cylinder on which will ultimately be re- 
corded the transits made with the transit-circle and altazimuth, 
according to the American method of self-registration, have 
been overcome. It now carries the cylinders put in connection 
with it with perfect regularity, its rate having all desirable 
steadiness." 



CHAPTER XVIII. 

TBLBQSAFH STATISTICS. 

1S9. BoglUli telegraph rates, &c, eontraited withtLoceof Switierland.Bel- 
gium, and other coautrieE, — 200. Mileage and Dumber of stationa in 
the Dnited Eiiigilam.^20]. EoTopeaD mileage and etatiana. — 202. 
American mile^e, rates, lui. — 203. The telegraph to Cnlifomis and 
Vanconver'B Island, and projected eit«naion bj Behring'a Btraita to join 
the Rastian telegraphs in Ana. — 204. Fire, police, and. wal«rworka 
vires. — 20fi. Belgian lines. — 209. Fieneh liDes.— 207.— Anstto- 
OeriDBDid nnioD. — SOS. Swiaslinoa. — 209, Italian liaea. — 210. Other 
linei, and Summarj. 

199. The ratea cho^ied for tran emission of messages in the 
United Eingdom. ■wore at first fixed upon a Teryhigh scale; 
bat upon the advantage of this means of communication be- 
coming more and more recognised by the public, the tariff was 
lowered from time to time, 

The Electric Telegraph Company, whose lines were first 
opened in 1847, at the outset derived the greater part of their 
profits from contracts with railways for the construction and 
maintenance of railway telegraphs, under Messrs. Cooke and 
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The Magnetic and British Companies conunenoed four years 
afterwards, and amalgamated subsequently as the British and 
Irish Magnetic Telegraph Company. Their land lines were 
linked up to the cables of the Submarine Telegraph Company, 
which was the first to effect submarine communication with 
Europe. 

While the Magnetic and Submarine Companies have thus ex- 
tended to France, Belgium, Hanoyer, and Denmark; the Electric 
Company, on the other hand, have access to the Continent by 
means of their cables to Holland. 

In 1861, the United Kingdom Company also erected a series 
of lines between some of the principal towns of the kingdom, 
and a shilling rate was tried by the three companies for nearly 
four years ; but being found unremuneratiye, a distance tariff 
was again resorted to in July, 1865, which still remains in fopoe. 
The following is the scale, taken " as the crow flies" : — 

Twenty words (address up to nine words not counted) to 

any distance not exceeding 100 miles . . , Is. Od, 

Bo. beyond 100, and within 200 miles , . . • 1«. 6d, 

Do. beyond 200 miles 28, Od, 

This scale is very similar to the rates in France, Prussia, &c. 
The message charge in France is one franc between two places 
in the same department, or two francs between two places in 
different departments. The franc rate does not, therefore, 
on an average, allow a message to be sent more than about 
fifty miles. As the addresses are counted and charged for on 
the French system, the English rates, on an average, allow 
senders an advantage over those of France. 

In Switzerland, the internal rate is a franc, but the distances 
are so small that the average of messages would fall within the 
100-mile radius ; and as the same system of counting addresses 
is followed, the charge is practically about the same as in this 
country. 

Belgium for some time adopted the franc rate, but has 
recently introduced an internal half- franc rate, which doubtless 
proves a great boon to the inhabitants of that country, though 
not likely to yield a profit to the State. The distances in 
Belgium are, however, very small, and the great majority of 
messages must come within forty or fifty miles. Both Switzer- 
land and Belgium derive great part of their receipts from 
international (or through) messages passing to and from other 
countries, and upon which they charge a much higher rate than 
is applied to the internal traffic. The Swiss returns for 1865 
give the following results : — 
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No. Receipte. ^U^^^f^ 



Internal messages . . 364,118 881,378fr. Ifr. 12c. 

International . . . 196,377 345,186fr. Ifr. 75o. 

The total number of messages was, therefore, 560,495, pro- 
ducing 726,564 francs. The expenses of working and main- 
taining the Swiss lines for 1865 amounted to 657,533 francs ; 
so that the receipts from internal messages, apart from the 
international traffic, would amount to but little more than half 
the expenses. 

The same remarks apply to the Belgian telegraphs/ where 
considerable profits have been derived from the large] amounts 
charged upon the international messages. 

In France the telegraph has been worked at a heavy loss up 
to the present time. The French budget for 1862 showed the 
loss at that time to be at the rate of 120,0002. per annum, but 
this has been somewhat reduced latterly, Aa many of the 
continental telegraph systems are worked in connection with 
the Post Office departments, it is difficult to arrive at any 
reliable figures as to the expenses connected with the wires and 
stations. There is no doubt, however, that the minor stations 
may be worked in connection with the local post-offices much 
more economically than when separately established, as in this 
country. 

From companions instituted, it is found that the telegraphic 
commtmication in the United Kingdom is far more regular, 
rapid, and correct than those of other countries. The per- 
centage of errors is exceedingly smaU; and a very large pro- 
portion arise froQi the indistinct writing of the senders, who are 
frequently excited or hurried in preparing their communica- 
tions, and hence write carelessly. In many cases the addresses 
given are insufficient or incorrect, and notwithstanding the 
companies' efforts, the messages in such cases frequently cannot 
be delivered. When this happens, the senders are communi- 
cated with, if they can be found> and better addresses 
obtained. 

By far the greater proportion of the complaints received from 
the public relate to messages transmitted over foregn lines, and 
especially to stations in Turkey, India, Spain, and Portugal ; 
where the local telegraphic arrangements are most imperfect, 
coupled with an inefficient staff. 

In this country, as might be anticipated, the service is worst 
done at the minor railway stations, where it would not pay the 
telegraph companies to place a special clerk, and at whidi the 
apparatus is worked by tiie railway company's staff for the con- 
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Tenience of those resident in the locality. Complaints are 
scarcely ever made in connection with the lines worked by the 
trained staff of the telegraph companies. 

200. The following statistics, showing the progress of the 
telegraphs in the United Kingdom, may prove interesting : — , 



year. 


Miles of 
line. 


Miles of 
Wire. 


No. of 
Stations. 


No. of 
Messagres. 


1850 
1855 
1860 
1865 


1,684 

7,649 

10,854 

16,066 


6,730 
38,028 
51,556 
77,440 


180 

586 

1,032 

1,882 


29,245 

882,360 

1,863,839 

4,650,231 



Daring the past year, 1866, the number of stations open in 
the United Kingdom will have amounted to nearly 2000, and 
the number of internal messages (exclusive of those to and 
from foreign countries), transmitted for the public will have 
exceeded £ve millions. 

It will be seen that the successive reductions of rates and ex- 
tension of lines have vastly increased the number of messages ; 
but, notwithstanding this, the accounts of the companies show 
that the lines would not have yielded any fair return upon 
their outlay if it had not been for the receipts from foreign 
messages, and contributions in the shape of rents for wires and 
apparatus from railways, and from the Press for news trans- 
mission. 

In support of this. The London District Telegraph may be 
instanced ; the wires of which radiate to all the suburbs of the 
Metropolis, and have been worked at a very low tariff scale of 
fourpenny and sixpenny messages for the last seven years. 
Notwithstanding the great facilities this has afforded for com- 
municating between nearly 200 stations in and about London, 
the company has not been able to make any profits, although 
the number of messages on its wires have increased from 74,000 
in 1860, to 316,000 in 1865. 

In contrasting the operations of the Telegraph and the Post 
Office, it should be borne in mind that each message engages a 
wire for an appreciable time and requires a separate messenger 
to deliver it ; and also, that each length of telegraph requires a 
staff to look after, repair, and renew it from time to time. 

201. It will be seen from the following table of the number 
of stations open in foreign countries at the end of 1866 that 
this country contrasts favourably as regards accommodation to 
the pubHc : 
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Stations. 

Prance 1,650 

Austria 837 

Belgium 288 

Spain 215 

Norway 70 

Sweden 121 

Denmark .... 55 



Stations. 

Prussia 822 

Italy 558 

Switzerland .... 244 

Russia 185 

Portugal 82 

Turkey 78 

Algeria and Tunis . . 54 



Besides these, other German States, including Baden, Wurtem- 
bnrg, Bavaria, Saxony, Hanover, Holland, &c., number 1023 
stations. 

The total number of telegraph offices open on the Continent 
is, therefore, 6182; and, adding those of this country, the 
European system comprises slightly over 8000 stations in 
communication with one another by means of about 85,000 
miles of line, with 230,000 miles of wire. 

202. In the United States, owing to the great distances 
between important towns, and the consequent slowness of postal 
•communication, the telegraph made very rapid progress. By 
1852 there had been erected 24,375 miles of wire. To 1854, 
41,392 miles, and at the end of 1859 about 55,000 miles. During 
the four years of civil war in the States, the progress of the 
telegraph was in a great measure suspended; but since then it 
has again made rapid strides, and at tlie present time the wire 
mileage is about the same as in this country, and the mileage 
of line much greater. 

At first the American lines were worked by a number of small 
independent companies, each owning 400or 500 miles of telegraph. 
Many of them did not pay, and it was soon discovered that the 
mere local traffic was not profitable, and required to be supple- 
mented by through messages. After a few years the lines, which 
had been in many cases hastily erected, required heavy repairs, 
which some of the companies could not well afford. These cir- 
cumstances led to amalgamation in many cases, and a general 
union of interests between the companies. The rates, which 
were unremuneratively low on some of the lines, were then 
adjusted. At present the tariff in the United States is nearly 
twice as much for a message of ten words as it would cost to 
send one of twenty words in this country. Thus, between New 
York and Boston the charge for ten words is 60 cents, or 2«. 6d, ; 
and to Baltimore 70 cents, or 2«. lld^. Both these places are 
about the same distance as between Liverpool and London, on 
which the charge for twenty words is U, 6d, Again, the 
charge from New York to Portland is 90 cents, or 38. 9rf., 
while the rate in this country for twice the number of words 
transmitted a similar distance is 2e, 
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203. StupendotLS as have been the projects actually realised 
in this application of science to ^e social uses of the United 
States, the extension to California, about 2400 miles in length 
£rom the Mississippi across the wildernesses of prairie land, is 
perhaps the most remarkable. This line, projected and sor- 
yeyed in 1850, and brought before Congress in 1851, was com- 
pleted and opened a few years ago. It is carried to the 
southward, in order to avoid the snow and ice of the northern 
route oyer the Sierra Nevada, by the way of the South Pass, 
crossing the Sierra Nevada Mountains in latitude 39°. The 
whole distance from the Mississippi to San Prancisco is about 
2,400 miles. 

In a commercial point of view, the line became of great 
importance, not only as a means of communication between 
the opposite extremes of a single country, but as the channel 
for imparting knowledge between distant parts of a vast con- 
tinent. With the previous postal transmission it required 
months to convey information from the sunny climes of the 
East to the less favoured, in point of climate, but not less 
important regions of the West, teeming as they do with the 
products of art and enterprise. On tUs line of wires being 
established, the Pacific and Atlantic Oceans became as one, 
and intelligence is now conveyed from London to San Francisco 
in a shorter time than is required to transmit a letter between 
Liverpool and London. 

''Nor does the importance of the undertaking claim less 
interest when regarded in a social point of view. California 
is being peopled daily and hourly by our friends, our kindred, 
and our political bret^en. The little bands that a few centuries 
since landed on the western shores of the Atlantic, have now 
become a mighty nation. The tide of population has been 
rolling onward, increasing as it approached the setting sun, 
until at length our people look abroad upon the Padfic, and have 
their homes almost within sight of the spice groves of Japan. 
Although separated from us by thousands of miles of distance, 
they will be again restored to us in feeHng, and stiLl present to 
our affections, through the help of this noiseless tenant of the 
wilderness." 

This line now links up Vancouver's Island, and by this means 
our colonists at Victoria were enabled to send their greetings 
through the Atlantic Cable after it was opened in August last. 

Mr. Collins, acting for one of the American telegraph com- 
panies, is now busily engaged in endeavouring to carry out a 
line from British Columbia to Behiing's Straits, and thence 
over Asiatic Eussia to the Amoor Biver in Asia, to which the 
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Bussian telegraph has already been extended. If this gap of 
6,500 miles is filled up, the belt of wire will then completely 
encircle the globe. 

204. The application of the electric telegraph is not confined 
to the transmission of messages from one part of the States to 
another : in the form of a local or municipal telegraph, it is 
employed as an important instrument of regulation and intel- 
ligence in the internal administration of towns. 

No adaptation of the system can be more interesting and 
useful than that which is made for the purpose of conveying 
signals of alarm and intelligence in the case of &i:e. 

This system was very completely developed in Boston about 
twelve years ago. 

The city is divided into seven districts, each provided with a 
powerful alarm bell. Every district contains several stations, 
varying in number according to its size and population. There 
are altogether in the seven districts forty-two stations. All 
these stations are connected with a chief central office, to which 
intelligence of fire is conveyed, and from which the alarm is 
given ; two telegraph wires axe employed, a return wire being 
used to completo the circuit, and provide as completely as 
possible against accidental interruption or confusion. 

At each of the forty-two stations, which axe placed at in- 
tervals of 100 rods throughout the city, there is erected in some 
conspicuous position a cast-iron box containing the apparatus 
for conveying intelligence to the central office. The box is 
kept locked, but the key is always to be found in the custody of 
some person in the neighbourhood, whose address is painted on 
the box door. 

On opening this door, access is gained to a handle which is 
directed, by a notice painted above it, to be turned slowly 
several times. The hajidle turns a wheel that carries a certain 
number of teeth, arranged in two groups, the number of teeth 
in one representing the district, in the other, the station ; those 
teeth act upon a signal key, closing and breaking the circuit 
connected with the central office, as many times as there axe 
teeth in the wheel. Signals are thus conveyed to the central 
office, and, by striking the signal bell a certain number of 
times, the district and station from which the signal is made is 
indicated. 

An attendant is always on the watch at the central office, and 
on his attention being called to the signals by the striking of a 
large call bell, he immediately sets in motion his alarm appa- 
ratus, and by depressing his telegraph-key, causes all the alarm 
bells of the seven districts to toll as many times in quick sue- 
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cession as will indicate the district where the fire has occarred^ 
the alarm being repeated at short intervals for as long a time as 
may be necessary. 

The signal-boxes erected at the stations contain, in addition 
the signal-handle, a small electro-magnet, an armature, and a- 
signal-key, so that full and particular communications can be- 
made between each box and the central station, the clicks of the 
armature forming audible signals. 

By this system certain information is given to the central 
office at the earliest possible moment of the exact locality in 
which a fire may have broken out, and the alarm is immediately 
spread over the entire city. 

Every one who is aroused by the alarm, is enabled to tell at 
once whether interest or duty calls him to the scene of action, 
and the exact point to which assistance is summoned. Should 
the alarm be given in the night, those whose attention is 
awakened may ascertain, from the tolling of the bell, the precise- 
quarter in which danger threatens, and should they have been 
needlessly disturbed, may rest in peace, and find, in the know- 
ledge that they and theirs at least are in safety, a consolation 
for broken slumbers. 

The Police Offices and Fire Brigade Stations are now brought 
into communication with one another, both in London and 
Liverpool, by somewhat similar arrangements ; and Waterworks 
have also found it desirable to have the telegraph, to give 
notice directly any leakage shows itself along the main line of 
pipes, or in reservoirs at a distance. 

BELGIAN TELEQKAPH LINES. 

205. Although in the extent of its territory Belgium is one oF 
the least considerable of the Continental States, it derives from, 
its position in relation to this country, much importance, so far 
as regards telegraphic communications. By the submarine 
cable between Dover and Ostend, or failing lliat, by the cable 
between Dover and Calais, Belgium constitutes the most direct 
telegraphic route to the Bhine district and centre of Germany. 

The Belgian telegraph lines, as well as the railways, are con- 
structed, maintained, and administered by the State. Separate 
systems of conducting- wires are appropriated to the service of 
the railways, which is performed exclusively with the alpha- 
betical apparatus of M. Lippens, already described (155). 
There are a few exceptional cases on branch lines of railway, upon 
which the State has not yet constructed telegraphs for the public 
service, where private despatches are sent by the railway tele- 
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graphs, but generally an eztensiye system of independent wires, 
with their accessories, are adapted to this purpose, for which a 
large corps of telegraphists has been formed. 

The gross annual receipts to the end of 1864 had been suffi- 
cient, after defra3mig the working expenses and cost of the 
lines, to leave a profit of 48,240^. upon the 14 years' working to 
that date. 

Immediately on the completion of the submarine cable be- 
tween Dover and Ostend, an active daily intercourse between 
London and Brussels commenced, and has since been sustained. 
The connections were completed on the 20th of June, 1853, and 
on the 27th of the same month 111 despatches were interchanged 
between the two capitals. 

It is proposed to construct wires and apparatus sufficient to 
maintain the communications on this important line, so that 
even with the greatest pressure of business, the public shall not 
have reasonable ground of complaint on account of delay. " A 
telegraphic line," observes the Minister of Public Works, 
" should not be organised with the mere powers which suffice 
for the ordinary or average business, but ^ould be such as to 
meet the exigencies of occasional pressure, without subjecting 
the public to delay, or interrupting other regular business. 
Besides which, it ought never to be forgotten, that in telegraphic 
business great pressure must always come at particular hours, 
when prompt expedition is indispensable. Tlus will be easily 
understood in the business of the Belgian lines, which constitute 
the route upon which the quotations of the money markets of 
all the great centres of affairs — London, Paris, Amsterdam, 
Berlin, Antwerp, &c. — are transmitted at certain hours." 

The business transacted by the Belgian telegraphs consists 
of three classes of despatches : — 

HoiCE DESPATCHES, being those transmitted between two 
Belgian stations. 

I^EBNATiONAL DESPATCHES, being those between a Belgian 
and foreign station. 

Foreign despatches, being those transmitted through Bel- 
gium in passing between two foreign stations. 

Of these three classes of telegraphic business, the second has 
proved to be the greatest in number, and the third the most 
productive. 

It appears that a very large proportion of the despatches 
transmitted and received in Belgium, are interchanged with 
foreign countries, or matter passing en route between foreign 
places. Nearly half the gross amount received for telegraphic 
despatches has been produced by despatches transmitted between 
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foreign stations, and only passing en route throngli Belgxiun. 
This is explained by the &<st that such despatches passing 
always from frontier to frontier, and* in the majority of cases 
from Ostend to the Frossian frontier, the entire length of the 
kingdom, pay for the longest class of telegraphic distance. 
This is one of the advantages which the Belgian telegraph 
derives from the geographical position of the country. 

To show the proportion in which the telegraphic service 
is shared by different subjects of correspondence, we shall take 
ike foUowing classified subjects of despatches : — 



Commerce .... 
Money market . . . 
Private .... 

Press 

Goyemment 

Total 


Number. 


Percent. 
ofTotaL 


8247 

1566 

754 

116 

116 


56 

27 

13 

2 

2 


5799 


100 



In relation to length the proportion was as follows : — 



From 1 to 20 words . 
From 21 to 50 words . . 
From 51 to 100 words . 
Above 100 words . . . 

Total 


Number. 


Percent. 
OfTotaL 


4741 

921 

122 

15 


81-8 

15-9 

21 

0-2 


5799 


100-0 



Thus it appears that commerce and the Stock Exchange 
supply 83 per cent, of the whole telegraphic business, 13 per 
cent, being personal and domestic, and the Press and Govern- 
ment each employing the insignificant proportion of one despatch 
in every fifty. 

It is also apparent that a very small proportion of the de- 
spatches exceed the length of twenty words, and almost none 
that of fifty words. 

The large proportion of international and foreign despatches 
transmitted upon the Belgian wires, and the necessity of pre- 
payment for despatches, in all cases, to their ultimate destina- 
tions, rendered it necessary for the Belgian administration of 
telegraphs to make some general arrangement with the prin- 
cipal contiguous states, for such an interchange of corres- 
pondence. 
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The tariff for single messages crossing the Channel, by the 
Ostend submarine cable, is 4«. to London, or 58. to any station 
beyond London. 

From 1850 to 1862 the internal tariff was IJ franc. From 
1862 to 1865, 1 franc; and since 1865, half a franc. 

At the stations on the Belgian lines the Morse telegraph, as 
used in the German States, is provided. 

The Belgian lines receive and transmit despatches written, at 
the option of the sender, either in French, German, or English, 
at all the principal Belgian stations. 

Despatches transmitted between HoUand and Belgium can 
be transmitted and received in Dutch, and all despatches 
between Belgian stations may be sent in Flemish. At all 
stations despatches are transmitted and received in French. 

The number of internal messages has increased from about 
80,000, in 1860, to 332,700 in 1865. 

YKESCR TELEGBAPHIO LINES. 

206. The French system is everywhere erected upon posts 
chemically injected to insure their durability, and there are 
nowhere less tiban two conducting yrires ; but a greater number 
between aU stations where an active correspondence is main- 
tained. 

The instruments used for the transmission of despatches are 
on the Morse system. A few of Hughes's printing instruments 
have recently been introduced, and are worked on some of the 
principal circuits from Paris. 

The French telegraphic lines conmmnicate with those of 
England at Calais, Boulogne, and Dieppe by three distinct 
submarine cables, containing altogether sixteen wires; with 
those of Belgium at Lille and Douai ; with those of Prussia 
and Northern Germany, at Metz; with the Bhenish States, 
Wirtemberg, Bavaria, and Austria, at Strasburg; with those 
of Switzerland, at Mulhouse and M&con, the former communi- 
cating with B41e, and the latter with Geneva; with those of 
Savoy and Piedmont at Grenoble ; and, in fine, with those of 
Spain at Bayonne; and thus the lines are continued to the 
Spanish frontier, and lines of wire now extend to all the prindL- 
X>al places in Spain and Portugal. 

Li practice the transmission of despatches is not always so 
direct as it would appear to be upon the inspection of a 
telegraphic map. Thus, by the three submarine cables, Paris 
is in permanent direct communication with London. But 
when it is desired to transmit a despatch from Paris to an^ 
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of the proyindal towns of England, the despatch is at present 
leceiyed and written down at the central station in London,, 
and then repeated and transmitted to the place of its destina- 
tion in the provinces. This repetition could of course be 
avoided, by uniting, in the London station, the wire from 
Paris with the wire leading to the provincial station to which 
the despatch is addressed, and if the despatch were one of 
extraordinary length, this course would be the most expedi- 
tious ; but to adopt it with the ordinary class of short messages,, 
would involve much inconvenience and more delay in general 
than is incurred in its repetition and retransmission. Thus, to 
send each message direct to its destination in the provinces,, 
it would be necessary that, previously to the transmission 
from Paris, notice should be transmitted to London to connect 
the Paris wires with those between London and the place 
of destination, and as this change would have to be made- 
separately for every provincial message, and as the wires be- 
tween London and the various provincial stations must neces- 
sarily be occupied, more or less, at all times, in the transmission 
of home correspondence, the business of transmission in thi» 
direct manner would not only be far more dilatory than th» 
process of repetition, but woiild, in fact, at busy times of the 
day, be totally impracticable. 

What has been here stated respecting the Paris and London 
line will be applicable, mutatis mutandis, not only to all in- 
ternational messages, but in many cases to messages trans- 
mitted between home stations, which it is often more con- 
venient and expeditious to repeat and retransmit at certain 
intermediate stations than to send direct by the connection of 
the wires at those stations. 

The French Government has carefully organised the ad- 
ministration of the telegraphs throughout its entire territory,, 
and besides modifying and reducing the tariff from time to time, 
it has placed the whole upon a more efficient footing. It now 
constitutes an important department of the state, placed under 
the superintendence of a director-general, four inspectors- 
general, twelve chief directors, and a hundred inspectors. The 
director-general, established in Paris, holds his office under the 
Minister of the Interior, and has authority over all the inferior 
functionaries. The four inspectors-general control and direct 
under him the entire telegraphic service throughout the empire. 
These inspectors, aided by scientific men nominated from time 
to time by the Minister, form a superior council, charged to 
consider and decide upon all improvements proposed to be made^ 
in the processes, or in the telegraphic apparatus. 
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The telegraphic lines are distributed into distinct systems or 
sections, oyer which the chief directors preside, so as to inspect, 
direct, and by commtinication with the inspectors-general and 
director-general, to centralise the service. 

The hundred inspectors will each be charged with the direc- 
tion of one or more stations, and will have under their authority 
deputy station-masters, telegraphists, surveyors, artisans, and 
labourers, charged with the maintenance of the apparatus, the 
conducting wires, posts, and all the accessories of the line. 

In all chief places, the bureaux will be open night and day. 
The number of stations open on 1st November, 1853, was only 
78 ; and at the end of 1866, no less than 1550. 

The posts, a large proportion of which had not su£&cient 
magnitude and strength to bear the necessary number of wires, 
have been everywhere replaced by others of suitable dimensions,, 
and the telegraphists are augmented in number, and measures- 
taken to ensure their efficiency. 

AUSTRO-GERMANIC TELEGRAPHIC UNION. 

207. The electric telegraph had not been long in operation in 
the German States before it became apparent that great incjon- 
venience and much obstruction to the progress of correspon- 
dence arose from different states adopting different telegraphic 
instruments and signals. The difficulties arising &om this 
cause became at length so great as to demand prompt and 
effectual remedy. A telegraphic congress was accordingly 
convened at Vienna, in October, 1851, at which deputies &om~ 
all the German States attended; and after a full discussion of 
the subject, it was resolved to form an Austro-Germanic Tele- 
graphic Union. This union includes all the states of Europe 
east and north of the Rhine. It was agreed that a common 
system of telegraphic instruments and symbols should be 
adopted throughout aU the associated states, and that Morse's 
telegraph, wiili its receiving magnets, registers, and imiform 
alphabet, should be everywhere used, so that telegraphic com- 
^munication might at all times be made between any two stations 
of the Union without the delay and inconvenience of translating^ 
despatches at intermediate stations from one system of tele- 
graphic S3rmbols into another. 

Despatches are transmitted and received at all the stations 
of the Union, either in German or French. They are also 
transmitted and received in English at such of the chief stations^ 
as are found by experience to have frequent communication 
with this country. 
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Notwithstanding the dense population and active ooxmneroe 
of the kingdom of the Netherlands, its limited tenitory has 
rendered a very small telegraphic net- work su£QLcient for its 
purposes. 

They are connected at the H^gue by ten suhmaiine wires 
with tibie English lines, at Antwerp with those of Belgiam» and 
at Amheim with those of the German Union. 

Despatches are received in German and French at all the 
stations, and in English at the principal bureaux. 

THE SWISS TELE0BAPHS. 

208. The natural difficulties opposed to the construction of 
railways in Switzerland did not offer such serious impediments 
to the construction of telegraphic lines, an extensive net7Work 
of which has been constructed and brought into operation. 
Thus Berne is connected with the French lines by wires to 
Besan9on, and with the German lines at B&le. I^usanne is 
connected with Besan9on by an independent line, and also with 
Berne on one side and Geneva on the other. Geneva is also 
connected with the French system at M&con, and with that of 
Savoy at Aix, from whence a line of wires is carried across 
Mont Cenis to Turin. 

From Lausanne the wires are carried by Yevay and Sion 
through the Yalais to the foot of the St. Gothard, across which 
they are continued by Bellinzona to Milan. 

Another line passes from B41e by Lucerne, Glaris, and Coire, 
to the Spliigen, which it crosses, and is carried to meet the 
former line at Bellinzona, and thence to Milan. 

Another line from Bdle passes by Zurich and St. Gal to 
Innspruck, from whence it passes by Batzen and Trente to 
Verona, and by Salzburg and Linz to Vienna. 

ITATJAN TELEGRAPHIC LINES. 

209. Italy is put in electric connection with the more northern 
countries of Europe at six points, Nice, Mont Cenis, the St. 
Gothard, the Spliigen, the Tyrolese Alps, through Innspruck, 
and by Trieste. 

The French and Swiss lines are connected with Turin by the 
wires over Mont Cenis already mentioned ; the Swiss and 
Elienish lines, with Milan, by the wires over the St. Gothard, 
and the Spliigen and the Austrian and Bavarian lines by the 
wires over the Tyrolese Alps, and those from Trieste round 
the shores of the Gulf of Venice. 
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From Venice to Milan a line is carried by Yerona and Brescia, 
which is continued to Turin. From this line there are two 
branches going southwards, one from Yerona by Mantua, Parma, 
Modena, Lucca, Leghorn, and Florence ; thence the wires 
stretch southwards to Bome, Naples, and the principal southern 
Italian towns ; and are linked up with those of Sicily by means 
of a short submarine cable across the Straits of Messina. A 
cable laid in 1859 connects the Sicilian telegraphs with Malta, 
and thence with Alexandria in Egypt. 

OTHEB LINES. 

210. Eztensiye systems of telegraph are also erected through- 
out Turkey, Persia, Lidia, and Australia. New Zealand, the 
Cape of Good Hope, and the various States in South America 
have also availed themselves of the wires ; so that at the present 
time it may be said that wherever there is civilization, there 
also may be found the telegraph. Li round figures, the world is 
now overspread by about 160,000 miles of line, comprising 
400,000 miles of wire, working between nearly 14,000 stations, 
and giving employment to a staff of probably 40,000 persons. 
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*' This and the preceding volumes of Dr. Lardner's Handbook occupy a remark- 
able place in literature. While on the one hand they are examples ox the extreone 
simplification of which the statement of the laws by which natural phenomena 
are regulated is capable, on the other they are illustrations of the care and method 
with which the true philosopher invariably treats the truths of Science." — 
Meehanicif Magojone, 

A GUIDE TO THE , STARS. In Eight Planiflpheres, 

showing the Aspect of the Heavens for every Night in the Tear. With 
an Explanatory Introduction. 8vo. ds. 
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NATURAL PHILOSOPHY FOB SCHOOLS. By De. 

Labdneb. 328 niustratioiis. Fourth Edition. One Yolume, Ss, 6d.y 
cloth. 

" This will be a very convenient claae-book for junior stadents in private 
schools. It is intended to convey, in clear and precise tenns, general notions of 
aU the principal divisions of Physical Science, illustrated largely by diagrams. 
These aiaflrams exhibit the forms and arrangement of apparatus, and the 
manner of performing the most important experiments."— J9Hti«A Quarterly 
RevUio, 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dioht- 

RIDS Lardnes, D.C.L. With 190 Illustrations. Second Edition* 
1 Vol. Large 12mo. Bs. M.j cloth. 

"It is clearly written, well arranged, and excellently weU illustrated."— 
Gardener^ Chronicle. 

POTTER'S PHYSICAL OPTICS ; OR THE NATURE 

AND FBOPEETIES OF LIGHT. A Descriptiye and Experimental 
Treatise. 100 Cuts. Svo. Gs. Ocf. 

HENRY'S GLOSSARY OF SCIENTIFIC TERMS FOR 

GENERAL USE. 12mo. Sa, 6d. 

" To students of works on the various sciences, it can scarcely fail to be of much 
service. The definitions are brief, but are, nevertheless, sufficiently precise and 
sufficiently plain ; and in all cases the etymologies of the terms are traced with 
care."— ifatumal Society'i Monthly Paper, 

COMMON THINGS EXPLAINED. By Diontsius 

Labdneb, D.C.L. Containing:: Air — Earth — ^Fire — ^Water — ^Time — 
'Ihe Alihanack — Clocks and Watches— Spectacles — Colour — ^Kaleido- 
scope — rumpfl-r-Man — ^The Eye — ^The Printing Press— The Potter's 
Art — Locomotion and Transport — The Surface of the Earth, or First 
Notions of Geography. (From "The Museum of Science and Art.") 
"With 233 Illustrations. 68,, cloth lettered. 

STEAM AND ITS USES ; including the Steam Engine, 

the Locomotive, and Steam Navi^tion. By Dtonysius IjABdneb, 
D.C.L. (From ** The Museum of Science and Art.") One volume. 89 
Illustrations. 2«. 

POPULAR GEOLOGY. By Dionysius Laedner, D.CL. 

(From " The Museum of Science and Art.") 201 Illustrations. 2^. Sd^ 

POPULAR ASTRONOMY. By Dionysius Lardner, 

D.C.L. Containing: How to Observe the Heavens — Latitudes and 
Longitudes— The Earth— The Sun— The Moon— The Planets : are they 
Inhabited? — The New Planets — ^Leverrier and Adams's Planet — The 
Tides— Lunar Influences — ^The Stellar Universe — Light — Comets — 
Cometary influences— Eclipses — I'crrestrial Rotation — Lunar Rotation 
— ^Astronomical Instruments. (From ^^The Museum of Science and 
Art.") 182 lUustrations. 4«. ed. 

THE MICROSCOPE. By Dionysius Lardner, D.CL. 

(From "The Museum of Science and Art.") (hie Volume. 147 
Engravings. 2«. 



